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The relationship ofopenness, growth and total factor productivity is 

investigated empirically using panel regressions for 48 countries. This study tests a 

variety of openness measures, including the ratio of trade (exports plus imports), 

imports, exports and primary exports to GDP. We also study the effects of the 

interaction of openness and other variables on growth. Two approaches are used 

and lead to consistent empirical findings. First, we estimate the relationship 

between the growth rate and a number ofpotential variables. Second, we estimate 

total factor productivity (TFP) from production function estimates, then estimate 

the determinants ofTFP such as inflation, terms of trade, money supply, human 

capital, and various measures of openness. In addition, this study explores the 

sources ofgrowth and determinants of total factor productivity in rich, poor and 

middle-income countries. Although the main emphasis of this study is empirical, a 

theoretical discussion on the linkage between openness and growth is provided. 

Finally, we summarize results. The principal finding is that there is a positive 
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association between openness, growth and total factor productivity, although 

exports ofprimary products have a negative effect on TFP, as some theory 

suggests. In addition, the sources ofgrowth are different among country groups: 

openness seems to benefit growth and total factor productivity in low- and middle-

income economies but not in high-income economies. 
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The Contribution of Trade to Economic Growth and Productivity 

CHAPTER 1  

INTRODUCTION  

The motivation for our work is based in part on several articles concerning 

recent work on the relationship between economic growth, productivity and trade 

orientation or country openness (Edwards (1998), Harrison (1996) and Miller and 

Upadhyay(2000». Some economists claim that there are important advantages of 

freer trade that affect productivity and growth even in the long run. They suggest 

that trade encourages countries to transfer and adopt modem technology and to 

improve their own production, and hence real per capita income. Improvements in 

the terms of trade along with high levels ofhuman capital and appropriate trade 

policies may also increase output. 

While the view that trade promotes growth dominates, there are well-

founded contrary views. It is this theoretical ambiguity that opens the door to 

empirical research. Unfortunately, empirical work has econometric and conceptual 

problems of its own. In particular, the proxies used to gauge openness are 

questionable. In addition, the empirical literature on openness, growth and 

productivity has been conducted primarily on a global basis. As Aghion and Howitt 

(1998) note, " recent empirical work has tended to assume that openness must have 

the same effect across countries, regardless of circumstance." Consequently, 
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disaggregation (by income class or other criteria) presents an opportunity for 

further interesting research. Such disaggregation is carried out in this thesis. 

To approach this matter, several major questions will be addressed. First, 

does more openness result in a higher rate ofgrowth? Second, do the effects of 

openness pass through the production function? Third, does more democracy in 

conjunction with more openness benefit economic activity and productivity? 

Finally, does the role of trade differ among countries with different characteristics? 

Economists in the last decade have tried to explain output growth in terms 

of the accumulation of factor inputs and the growth of total factor productivity. 

They have searched for determinants ofgrowth beyond basic factors ofproduction. 

Conceptually, this approach may be inaccurate since many of the included 

determinants such as the terms of trade, money supply and black market premium 

on the foreign exchange rate may have only indirect effects on output. However, 

these determinants may affect the efficiency ofphysical capital, labor, and possibly 

human capital and consequently may directly affect total factor productivity. 1 

Our analysis has two main parts. In the first part, we estimate the 

relationship between country growth and several possible explanatory variables. 

The second part evolves through three steps. First, following Miller and Upadhyay 

(2000), we estimate production function specifications that exclude and include 

human capital. Second, in a growth accounting exercise, we calculate implied rates 

of total factor productivity by subtracting estimated from actual output growth. 

1 See Barro and Sala-I-Martin (1995), Packs and Page (1994) and Miller and 
Upadhyay (2000). 
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Third, we test for significant determinants of total factor productivity, especially 

openness. 

Our basic finding is that openness or trade flow has a direct effect on 

growth rates and, at the same time, benefits total factor productivity. However, we 

also find that exports ofprimary products plays an important role in reducing total 

factor productivity. 

Secondly, we find that human capital has a significant effect on both growth 

and total factor productivity. The incorporation ofhuman capital in the production 

function lowers the elasticity ofoutput with respect to labor when compared to the 

production function without human capital as an input. The elasticity of output with 

respect to physical capital remains unchanged when human capital is included. 

Finally, we find evidence that there are different patterns of growth in 

different subsets ofcountries. We fmd that openness is likely to induce growth in 

middle-income economies, but not in high- and low-income economies. In 

addition, openness is not likely to affect total factor productivity in high-income 

countries, even though it has significant effects in middle- and low-income 

countries. 

This paper is organized as follows. In the next chapter we review some 

theories concerning trade, growth and productivity. In chapter 3, we discuss 

potential determinants of growth, including political and economic indictors. In 

chapter 4, we estimate growth as a function ofa number of variables. We divide 

chapter 5 into two parts. First, we estimate parsimonious production functions and 

determine the levels of total factor productivity under two specifications-one with 
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and one without the human capital as an input. Second, we test for various 

determinants of total fact?r productivity. Also in chapter 5, we divide our 

observations into different categories and discuss patterns ofgrowth in each group. 

Finally, we compare results with other studies and conclude in chapter 6. 
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CHAPTER 2  

LITERATURE REVIEW  

2.1 Introduction 

For a long time, economists have debated the connection between trade and 

economic perfomiance, although most economists proclaim that freer trade results 

in faster growth. The neoclassical growth model developed by Solow (1957), was 

unable to link trade with economic growth. However, during the last decade the 

new theories ofgrowth pioneered by Romer (1986) have provided intellectual 

support for the proposition that openness affects growth positively. This chapter 

discusses some general ideas involving trade and growth, including some of the 

advantages and disadvantage of international trade. We also review the major 

empirical work on the connection between trade, growth and productivity. 

2.2 Openness and Growth 

We now tum to the new growth models in which long-run growth is driven 

by factor accumulation. Romer (1986) emphasizes increasing returns to scale due to 

growing markets and the spill over of technological knowledge. International trade 

increases the size of the market, allowing monopoly rents to be rewarded to 

innovators. In Romer's (1990) model ofendogenous growth technological 
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knowledge represents the stock ofcapital accumulation and there is a positive 

connection between trade liberalization and growth. 2 

The most interesting implication of the model is that free international trade 

can accelerate growth. So, the question is how can trade affect income growth? 

Slaughter (1997) offers three explanations. 

First is the factor price equalization theorem. The FPE theorem says that 

under certain circumstances a country with free trade has factor prices equal to 

factor prices in the rest of the world. Factor equalization can lead to the 

international flows of factors which can also increase a country's productivity. 

However, there are problems with the FPE theorem because it holds only under a 

set ofvery restrictive assumptions such as zero trade barriers, identical linear 

homogeneous technology and preferences and so on. 

A second way that international trade can affect growth is by mediating 

international flows of technology. If countries have different levels of technology, 

trade might be an important medium through which this technology actually flows. 

A third way is through trade in capital goods. Trading capital goods directly 

affect a country's per capita income through its endowment of factor quantities and 

may embody new technology. 

This discussion demonstrates that there are at least three ways by which 

international trade can affect the international country's per capita incomes. There 

are many more complicated issues here which are beyond the scope of this thesis. 

2 A comprehensive detail ofRomer model ofendogenous growth on openness 
and growth is contained in Endogenous Growth Theory (1998). 
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2.3 Trade and Total Factor Productivity 

Pack and Page (1994) define the best practice function as a state where 

"further increases in output at the given levels of inputs cannot be achieved without 

the introduction ofnew techniques". To address the relationship between 

productivity change and growth, we follow Nishimizu and Pages (1982), where 

they define the potentially accessible international practice production as: 

Qf(t) =F(Z(t); t) (1) 

where Qf(t) is potential output at international practice, and Z(t) is a vector of 

inputs in natural units at time t.3 The function F(.) satisfies the usual neoclassical 

properties. Observed output Q(t) for a vector of inputs Z(t) can be expressed as: 

Q(t) = Qf eu(t) = F(Z(t); t) eu(t) (2) 

where u(t) is the level of technical efficiency [0 < eu(t) = Q(t) / Qf(t) < = 1] 

corresponding to observed output Q(t). The derivative in logarithms ofequation (2) 

with respect to time yields: 

Q'(t) / Qf(t) =Fz X'(t)lX(t) + Ft + u'(t) (3) 

3 A comprehensive review of the literature on the measurement of international-
practice or frontier-productions is contained in Aigner and Schmidt (1980). 
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where Fz andFt are the output elasticities ofF(Z(t); t) with respect to input Z(t) and 

time t, and " , " variables indicate time derivatives. So, output changes decompose 

into three elements due to (1) input changes weighted by the elasticity ofoutput 

with respect to each input, (2) technological progress, and (3) technical efficiency. 

While Ft is always positive, technical efficiency change can be either positive or 

negative. 

So the rate of total factor productivity change as the variation in output not 

explained by input changes can be defined, for any observation i, as the sum of 

technological progress measured at the frontier and the change in efficiency 

observed at the individual level. 

TFP j (t) =Ft + u'(t), (4) 

These concepts are represented in figure 2 which assumes constant returns 

to scale in capital and labor.4 The international practice production function,ji, 

relates output per worker to capital input per worker. Countries that are technically 

inefficient operate along their domestic production function,/o in figure 2. Catching 

up can be achieved by moving from a point such as A to D, combining 

accumulation with a movement toward international practice production function. 

4 Mankiw, Romer and Wei! (1992) also employ a Solow type model. Proponents 
of endogenous growth theory would not accept the depiction of the production 
function with diminishing returns to capital. 
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Figure 1. Domestic Vs International Best Practice Production Functions 
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2.4 Trade and the Move to International Best Practice 

Empirical evidence suggests that the rapid rates ofgrowth of total factor 

productivity in the Asian countries are related to rapid export growth. However, 

most explanations of the connection between total factor productivity growth and 

trade emphasize such static factors as economies of scale and capacity utilization. 

Those two factors may account for a high level of productivity being achieved after 

a short period of export orientation but not continuing high growth rates. If total 
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factor productivity in some of the Asian countries has resulted partly from an 

ability to move rapidly to a higher production, then the correlation of trade and 

productivity growth becomes more understandable. 

Firms in developing economies benefit from trade5 by obtaining new 

technology through new equipment purchases, direct foreign investment, 

information provided by purchasers of exports and R&D. All represent movement 

towards international best practice by assimilating technologies available abroad. 

2.5 Negative Views on Openness and Economic Growth 

2.5.1 Krugman 

The effect oftrade and technological progress can be argued either way. 

Suppose a country experiences technological improvement in its export sectors so 

that the rest of the world will benefit via an improvement in its terms of trade. 

However, some economists argue the other way. Krugman (1991) uses comparative 

analysis to illustrate how technological progress in one nation can hurt rather than 

help the rest of the world. 6 If a country's productivity rises in sectors that compete 

5 See Pack and Page (1994) 

6 For complete detail see Krugman (1991) 
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with imports, the resulting decline in import demand should lead to an 

improvement in its terms of trade at the expense of the world. It is thus entirely 

possible that technological progress in one country will hurt rather than help its 

trading partners. 

2.5.2 Structure ofForeign Trade 

The contribution of international trade to economic growth is a subject of 

considerable interest to development economists because of the importance of the 

foreign trade sector in many countries. At the same time, there are disadvantages 

for an underdeveloped economy of dependence upon export trade. Exports came to 

be regarded as the "engine ofgrowth" in development literature. However, some 

countries achieved substantial gains in per capita output fueled by exports while 

others did not? What makes the difference? Relevant factors seem to include (1) 

supply elasticity within the country; a sharp increase in foreign demand for exports 

may evoke a large supply response or it may not; (2) the size of the export sector 

relative to the size of the economy will make a difference, and (3) the disposition of 

the export proceeds -how much remains in the domestic economy to raise incomes 

and stimulate local demand. Let us consider these points. 

7 Serbastian (1993) give examples why Chile fails to achieve a higher growth using 
trade liberalization, and on the other hand why Hong Kong and Korea's growth 
tend to benefit tremendously from trade. 
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1. 	 Supply elasticity within the country. The challenge of rising export 

opportunities must be met by an adequate production response within the 

country. There are several factors that influence a country's supply 

responsiveness: 

a. 	 Diversity of products. There are some disadvantages for underdeveloped 

economies which depend upon export trade due to the relatively low, 

long-range elasticities ofdemand for many primary products. In such 

countries exports might not favorably influence income growth. In 

addition, most 

exports typically pr9duced by less developed countries depend on sales 

from only one or two major crops or products. Certainly, part of the 

problem comes from the growing competition from other countries. 

Many economists, (e.g., Lewis (1978)) suggest that exporters succeed 

partly by diversification ofexports which avoids the risk of relying on 

one product. 

b. 	 Government policy. In part successful export growth depends on 

government policies. A government that is unable to maintain stability, 

fails to provide the necessary physical and human infrastructure, or 

chooses to use unfavorable trade policies can prevent a country from 

benefiting from trade. 

2. 	 The relative size of the trade is self-evidently important. If exports are only 

small percent ofGDP, even a high rate of export growth will mean only a small 
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increase in per capita income. The size of the export sector is related partly to 

country geography. 

For example, in China and India since 1950 growth in per capita income in 

neither country can be attributed to any extent to export growth, partly because 

of supply and transport difficulties. In India, the export/GDP ratio fell between 

1950-1980 to only about 5 percent. China's trade ratio is also very low, though 

it has risen a lot since 1975.8 

Quite different is the situation of smaller economies such as Taiwan, 

Thailand, Malaysia, Hong Kong, Singapore, Sri Lanka, Peru or Chile. Here the 

trade ratio quickly reached 30-50 percent, sometimes even 70 percent or more. 

A substantial percentage ofthe population was drawn into export production. 

3. 	 Finally, much depends on the disposition ofexport proceeds. Returned value to 

domestic economy can. be defmed as net export (value ofgoods sold abroad, 

minus value of imported materials used as inputs). 9 Its size is influenced by 

foreign or domestic ownership ofproductive assets. It is also influenced by the 

labor intensity ofthe production process and by the linkages to other input 

demands. Moreover, returned value depends partly also on what trade policies, 

government chooses, for instance tariffs or export taxes. 

8 Sachs and Warner (1995). 

9 See Adelman and Morris (1973). 
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Moreover, there are additional arguments that in some cases freer trade may not 

improve economic growth. Krugman (1991) also argues that freer trade can 

increase competition and lower future profits. Grossman and Helpman (1992) 

specified many trade restrictions capable ofraising long-run growth. Since the 

theory is ambiguous on the relationship between trade and growth, empirical work 

becomes all the more relevant. 

2.6 Empirical Evidence on Openness and Growth 

For 1970-1989, Sachs and Warner find a strong association between 

openness and growth, both within the group ofdeveloping and developed countries. 

Within the group ofthe developing countries, the open economies grew at 4.49 

percent per year, and the 

closed economies grew at 0.69 percent per year. Within the group ofdeveloped 

economies, the open economies grew at 2.29 percent per year, and the closed 

economies grew at 0.74 percent per year. 

The measures of openness used in empirical studies are somewhat doubtful. 

For a long time economists have tried to provide alternative measures ofopenness. 

This has proven to be controversial and elusive. For instance, most studies employ 

the ratio of trade flows to GDP as a measure ofcountry openness. Although this 

measure of trade-dependence is easy to apply, it has problems. The main limitation 

is that it is not necessarily related to policy: a country can distort trade heavily and 
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still have a high trade dependency ratio. This is illustrated by South Korea 

considered by some as an open and outward-orientated economy but by others as a 

prime example of a semi-closed economy with a high degree ofgovernment 

intervention. 1O Leamer (1988) concludes that " ....... in the absence of direct 

measure of trade barriers, it will be impossible to determine the degree ofopenness 

for most countries with much subjective confidence." 

Many economists used partial information on policy as measures of 

openness, such·as tariffratios, quantitative restrictions and the black market 

premium on foreign exchange. Many modified and complicated measures of 

openness have been created. Edwards (1998) tested nine different measures oftrade 

orientation in cross-section regressions, and found that most of them have a 

significant effect on total factor productivity growth. Even if we incorporate trade 

policies into the equation, serious data problems still arise. Harrison (1996) 

suggests the problems with recent empirical studies are caused by the high 

correlation among measures ofopenness, resulting in doubtful and misleading 

explanation. 11 

10 See. Krueger (1990). 

11 In Harrison (1996) paper, she used the Spearman rank correlation coefficients for 
seven openness measures, and found relatively high correlation among those 
measures. 

http:intervention.1O
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The other issue is most of the open and growth literature employ cross-

sectional regression, which sometimes creates biased results because it overlooks 

time- and country-specific characteristic. 12 In this study, we employ panel 

regressions as an alternative approach. Panel regression seems to solve the time-

and country-specific differences; however, it still requires a large amount ofdata, 

which are unavailable for many potential measurements ofopenness. 

In our empirical work, we rely directly on articles by Harrison (1996) and 

Miller and Upadhyay (2000). Both apply the panel approach. In this study, 

following this work we attempt to study how various measures ofopenness 

interacting with human capital and other variables affects productivity and growth. 

In this chapter we reviewed basic literature on openness, economic growth 

and total factor productivity. Although many theoretical and empirical studies in 

both theoretical and empirical support the idea of a positive relationship between 

openness, growth and total factor productivity, critical problems remain. By using 

the empirical method from limited information, we try to further understand 

openness and growth in this study. In the next chapter we will discuss briefly 

growth determinants other than openness which are widely used in growth studies, 

including policy variables and social factors. 

12 More discussion about the problems and solution is stated in chapter 4. 

http:characteristic.12
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CHAPTER 3  

DETERMINANTS OF GROWTH  

3.1 Political and Economic Indicators 

The relationship between policy characteristics along with traditional 

factors ofproduction function and technological change and economic growth has 

been received considerable attention for a long time. In this chapter we discuss their 

roles and relationship with economic growth. 

3.1.1 Human capital 

Education improves the quality of the labor force and promotes 

modernization. The improvement ofhuman resources, involving education, 

training, and health, has the direct result of more intensive utilization of productive 

resources. It also makes for more efficient use of natural resources and 

technologies. Thus, the productivity of the individual worker increases. A number 

of cross-sectional studies of economic performance have yielded consistent 

evidence of a positive association between levels of economic development and 

human capital accumulation. 

Mankiw (1995) found strong evidence supporting the positive contribution 

ofhuman capital to growth. However, recent work by Benhabib and Spiegel (1994) 

provides contradictory evidence. They claim that there is a discrepancy between the 
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theoretical variables and actual variables used in regressions. In this study, we 

employ the average years of secondary schooling in the population (15 years of age 

or older) to measure human capital. 

3. 1.2 Inflation 

Inflation is a puzzling variable. Many theories predict a positive rather than 

negative relationship between inflation and growth within the business cycle. 

However, the 1950s and 1960s growth literature on inflation and growth 

emphasized the positive impact of inflation on capital accumulation that occurs as a 

result of the portfolio shift away from money when the rate of return on money 

falls (the Mundell-Tobin effect. On the other hand, many argue that inflation 

indicates of overall inability ofthe government to manage the economy. A 

government that produces high inflation is a government out of control. Economic 

growth is likely to be low in such an economy. The new growth theory suggests 

that the relationship between inflation and growth is maybe nonlinear and 

negative. 13 In our sample, six countries had an average inflation above the 50-

percent level and all six experienced less than three- percent growth rate. 

13 See Fisher (1993). 
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Figure 2. Growth Rate in High Inflation Countries in Sample 

Numbers indicate average growth rate of those countries 

3.l.3 BlackMarket Premium 

An increase in black market exchange premium (the percentage difference 

between the market exchange rate and the official rate) is an indicator of 

expectations of depreciation of the exchange rate and foreign exchange rationing. 

Fischer (1993) suggests that growth and black market premiums are likely to be 

negatively related since the black market premium indicates bad policy (a distorted 

or controlled market for foreign exchange). Sachs and Warner (1995) also suggest 

that a large black market premium tends to be a form of import control. However, 

the sign could be negative if foreign exchange control is associated notify an 

importation of investment goods. 
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3.1.4 Gross Investment 

Investment seems to draw the most attention as a determinant of economic 

growth. It is not hard to see that investments have been a fundamental source of 

growth. Higher levels of output lead firms to demand a larger stock ofcapital, one 

of the factors used to produce output. The importance of capital formation has also 

led to a parallel emphasis on the role of savings in development. In this study we 

use the ratio ofgross investment to GDP. This variable is expected to have a 

positive effect on growth. 

3.1.5 Shocks to the Terms of Trade 

Shocks to terms oftrade (the ratio of export to import prices) are important 

determinants of the variations in growth rates. One potential explanation of the 

large growth effect of terms of trade shocks is factor movements. For instance, 

labor might flow within the country to the sector receiving a favorable shock, 

capital might flow in from abroad to the export sector, or domestic investment 

might respond to improved export opportunities. In order to generate large growth 

effects through factor movement, however, factor and export demand must be 

elastic and terms of trade shocks must be relatively persistent. So positive change 

in the terms of trade is likely to benefit growth. 
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3.1.6Rate ofPopulation Growth 

It is to be expected that the size of a country's population will affect its 

growth. Particularly at low levels of development, the wider market available to 

larger countries contributes to earlier and more rapid industrialization because 

widening markets enhance possibilities for capturing both internal economies of 

scale and external economies (Grier and Tullock, 1989). However, it has been 

recently argued that the rate ofgrowth of population is a major contributor to low 

income levels and poor growth since in developing countries poor households have 

more children than rich household, they contribute less to family income than they 

consume. Moreover, higher rates of population growth increase income inequality. 

The Neoclassical model, Solow (1956), suggests that in the short run faster 

population growth will tend to reduce the amount of capital per person in the same 

way as faster depreciation would. Mankiw (1992) also suggests that when the 

population ofa country grows rapidly, it is more difficult to provide new workers 

with the tools and skills needed for production. In other word, rapid population 

growth depresses the amount of physical and human capital available for each 

worker, which in tum reduces worker's productivity. So, the impact of population 

growth is expected to be negative in the short run. 
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3.1.7 Money Supply 

King and Levine (1993) have shown a robust association between money 

ratio (the average ratio of money supply to GDP (MR.». and growth. However, 

there is a corelation problem when we use the ratio of money supply to GDP along 

with inflation variables. 14 Easterly, Loayza and Montiel (1996) suggest a 

correction for this problem 15, which is followed in this study. 

3.1.8 The Size ofGovernment Activity 

There is a large and controversial literature on the effect ofgovernment on 

economic growth. The problem here is defining the relevant type ofgovernment 

activity. Government production of basic public goods, such as roads, property 

rights or social capital clearly will be growth-enhancing. However, government 

regulation of economic activity such as mandating performance standards, severely 

restrictive trade policies, environmental regulation, or even the instability of 

government will have negative effects on growth. 

14 See Easterly et al. (1996) 

15 They deflate end-of-year nominal MR by the end ofyear CPI, and nominal GDP 
by the average-of year CPl. This deflation is an important correction to the usual 
practice of taking the ratio of end ofyear nominal MR to the nominal GDP. 



23 

Edwards (1992) and Barro (1989) find that the share ofgovernment has a 

negative effect on growth. An increase in government spending causes a "crowding 

out" effect of private investment. On the other hand, Easterly et aI. (1993), using 

Barro growth regression, find a positive relationship between growth and the share 

ofgovernment consumption in GDP. 

3.1.9 Technological Progress 

Technical progress can simply be defined as a new way of doing things 

better or new techniques for using resources more productively. Solow attributes 

the observed increase in output to a "residual" factor called "technical progress". 

The possibility of technical progress, of "learning by doing" seems to have major 

significance in explaining the process of economic growth. 

3.1.10 Initial Level ofGDP 

The neoclassical model predicts that each economy converges to it own 

steady state and the speed of convergence varies inversely with the distance from 

the steady state (Solow, 1956). In other words, the model predicts that countries 

having a lower starting value of real per capita income tend to generate a higher per 

capita growth rate. Without conditioning on any other characteristics of economies, 

this property is referred to as absolute convergence. In fact, there is a slight 

tendency for the initially richer countries to grow faster in per capita terms. 
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However, absolute convergence gives a better explanation for homogenous groups 

of economics such as OEDC countries or the continental U. S. states. Since, in this 

study, we focus on different groups of different income characters; absolute 

convergence is unlikely to hold. 

The concept of condition convergence allows heterogeneity across 

economies. The main idea is that an economy grows faster the further it is from its 

own steady-state value. In other words, the model predicts conditional convergence 

in the sense that a lower starting value of real per capita income tends to generate a 

higher per capita growth rate once we control for the determinants of the steady 

state, (saving rates, policy variables, labor force, etc.). Allowing differences in 

steady state values across countries, Barro and Martin (1995) found a negative 

relationship between per capita growth rate and the log of initial per capita GDP, 

which supports the conditional convergence in cross-country regression. Since we 

use the cross-country, time-series regressions in this study, for heterogeneous 

countries growth is likely to be negatively related to initial income. 

3.1.11 Country Groups 

Grier and Tullock (1989) tested the effect of country characteristics on 

growth in the OECD and non-OECD countries. They found many significant 
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differences between the two groups of countriesI6; for instance, a negative and 

significant coefficient of initial GDP in the OECD group but a positive and 

significant coefficient for the rest of the world group. Easterly, Loayza and Montiel 

(1996) studied the effect ofpolicy variables on growth in Latin America and in 

East Asia. They found a stronger effect ofinflation and the black market premium 

on growth rates in Latin America than in East Asia. 

3.2 Summary 

All indicators defined in this chapter represent a wide range ofpolitical and 

economic characteristics. Most variables are widely used and accepted in the 

literature. However, the variables included do not cover all facets of all countries 

found to be empirically relevant. Religious, market performance variables and 

many more that should have been included in our regressions. 17 However, data 

availability is limited. In the next chapter, we will perform the panel regressions 

based on our variables. 

16 Grier and Tullock (1989) found that when two data sets are constrained to have 
the same slope coefficients, the F-statistic testing the appropriateness ofcombining 
the data is 4.25, which is significant at theO.Ollevel and strongly rejects pooling 
the two groups ofcountries in a single sample. 

17 Sala-I-Martin (1997) reports that there are at least 22 out of 59 variables appear 
to have a significant effect on growth. In this study and six ofSala-I-Martin's 22 
variables are used. 
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CHAPTER 4  

PANEL GROWTH REGRESSIONS  

4.1 Panel Regression 

Panel regressions capture both the time series variation within each country 

and the cross-country variation. Panel estimation has two well-know advantages 

over cross-country estimation. First, since the variables of interest vary over time, 

their time series provide considerable information that is ignored in cross-sectional 

averages. The gain in efficiency resulting from employing panel data is particularly 

important when a relatively large number of explanatory variables is used. 18 

Second, the use ofpanel data allows us to control for time-specific effects (in terms 

ofworld economic conditions) as well as co:untry-specific effects. If the country-

specific effects are correlated with any of the explanatory variables, the cross-

sectional analysis will suffer from omitted variable bias, while the panel analysis 

will not. For these reasons, the estimates ofpolicy and non-policy effects on growth 

obtained using panel data will have better properties than estimates using cross-

sectional data. Fisher (1993) used both methods to study the role ofmacroeconomic 

factors in growth19 and found improved results in panel estimation. 

18 See Easterly et al (1996). 
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Canning, Fay and Perotti (1994) also applied both cross-section and panel data to 

study the relationship between infrastructure and growth and found great advantage 

in using panel regression to capture country fixed effects. Therefore, we will 

employ panel regression to study the sources ofgrowth. 

We follow Miller and Upadhyay's (2000) application of the mean-deviation 

fixed effect model to a panel ofdata on countries over time. We adopt fixed-effects 

over countries by subtracting the time-specific mean of each variable over countries 

and we add time-specific dummy variables to capture time-specific effects. The 

revised regression, adjusted for means, provides unbiased and consistent estimates 

of the coefficients. 

As shown in equation (1), we include a vector of time dummy variables, 

TIME in our panel growth regression. We express the growth equation as follows: 

GROWTH = ~OPEN, GCON, INF A, INVT, LGDP, EDUSEC, BMP, 

TOT, PPU, MR, TIME) (1) 

All variables refer to sample period values expressed in mean-deviation form. We 

transfer all independent variables into logarithmic form. GROWTH is the average 

19 Fisher (1993) employed both cross-country and panel regression to test the role 
of macroeconomic factors in growth, capital accumulation, productivity growth and 
labor force growth. 
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annual GDP per capita growth rate. OPEN is the log of the average ratio ofexports 

plus imports to real GDP. GCON is the log of the average ratio ofgovernment 

consumption expenditures to GDP. INFA is the log of the average annual inflation 

rate. INVT is the log ofthe ratio of investment to real GDP. LGDP is the log of the 

lagged real GDP. EDUSEC, human capital is measured as the log of the average 

years of secondary schooling in the population 15 years of age and older. BMP is 

the log of the average percentage difference between the market exchange rate and 

the official exchange rate. TOT is the log of the terms of trade (unit difference of 

export to import prices). PPU is the log of the average population growth rate. MR 

is the log ofthe average ratio of money supply to GDP. 

We utilize panel data for 48 countries covering the 1961 to 1990 time 

period. Our panel combines averages of the five years in each block over six blocks 

as follows: 1961-65, 1966-70, 1971-1975, 1976-80, 1981-1985, and 1986-90, for a 

total of288 observations (48 countries and 6 time blocks). The following income 

classes are represented: high-income economies (16 countries), middle-income 

economies (22 counties) and lower-income economies (10 countries). Data 

Appendix, table A, provides a list of the countries used in our research. Data 

availability limited sample size. 

Original data come primarily from the World Bank and are described in 

Miller and Upadhyay (2000)?0 We use the average real GDP per capita growth rate 

20 We greatly appreciate the provision of the data set by Mukti Upadhyay. 



29 

as the dependent variable. The OPEN variable measures openness. Initial GDP 

captures conditional convergence. Other variables are defined above. 

4.2 Panel Regression Results 

The results ofpanel regressions ofthe overall growth rate on different sets 

ofvariables for 48 countries are presented in Table 1. In the panel regression that 

includes all of the right-hand side variables (column 1, table 1), the coefficients on 

all variables obtain their expected signs. OPEN is statistically significant at the ten-

percent level. INYT has a significant positive effect on growth rate at the one-

percent level. The positive coefficient of7.10 on the investment variable suggests 

that a one-percent increase in the ratio of investment to real GDP will lead to an 

increase in the growth rate of GDP by 0.0710 of a percentage point. Inflation has a 

small significant of negative effect on the growth rate at the one-percent level. This 

coefficient value of-1.04 implies that a one-percent increase in inflation rate will 

result in a 0.0104 percentage point decrease in the growth rate ofGDP. Another 

way to say this is that a one hundred percent increase in the inflation rate will result 

in a 1.4 percentage point decrease in a GDP growth rate. An analogous 

interpretation applies to the other variables as well (except the time dummies). 

Initial GDP has a relatively large and significant coefficient at the one-

percent level. The negative coefficient implies that a one-percent increase in initial 
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Table 1: 
Growth Rate and Policy Indicators 

Panel Growth Regression 

Dependent variable: Growth Rate ofGDP per Capita 
I I I I 2" I 

LGDP" 

INVT" 

OPEN" 

GCO~ 

EDUSEca 

8Mpi' 

ToT' 

PPU" 

lNFAb 

MR" 

TIMEI 

TIME2 

TlME3 

TlME4 

TIMES 

TIME6 

-12.4687···· 
(-7.69092) 

7.0980··.. 
(4.63321) 
2.6178·· 
(1.8728) 

-4.9808···· 
(-2.93264) 

1.46617· 
(1.56750) 
-2.92··· 

(-2.46156) 
15.3796···· 

(2.59) 
-4.2107···· 

(-3.8011) 
-1.0389···· 

(-3.034) 
1.9928·· 
(1.6685) 
-0.0777 

(-0.19395) 
0.6524··· 
(2.18631) 

0.5364··· 
(2.19075) 

-0.7554···· 
(-2.8927) 
03867· 

(1.38471) 
-0.7424··· 

(-2.1880) 

-12.9944···· 
(-7.9962) 

8.4364··.. 
(5.8252) 

2.7822··· 
(1.97071) 

-5.0681···· 
(-2.9517) 

1.3555· 
(1.4348) 

15.5038···· 
(2.5705) 

-4.1526···· 
(-3.708) 

-1.2029···· 
(-3.5415) 
1.9754·· 
(1.6356) 

-0.2004 
(-0.4985) 
0.5593·· 
(1.8686) 

0.5376··· 
(2.1716) 

-0.7505···· 
(-2.8423) 
0.4427· 
(1.5729) 

-0.5887·· 
(-1.7457) 

Summary statistics 
Adjusted R Squared 
SEE 

0.53 
1.57 

0.52 
1.6 

Observations 288 288 

Note. All regressions based on the fixed-effect approach. Each variable is 
calculated as a deviation from its mean over countries, except the time dummy 
variables. Source: See Data Appendix. The numbers in parentheses are t statistics. 
SEE is the standard error ofestimation. ****, ***, ** and * mean significant at 1-, 
5-, 10- and 20d-percent level, respectively. 
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Table 1 (continued) 

a In the regression, this variable is included as log (variable)  
b In the regression, this variable is included as log (1 +variable)  
C Equation excludes black market premium variables because there are several  
counties, especially high-income economies, where there is no black market. For  
comparison and consistency with the later part ofthe chapter, we report the  
specification without BMP.  
d It is not standard to accept coefficients as statistically significant at 20%  
However, because ofpotentially high variability in the measurement ofTFP, Miller  
and Upadhyay (2000) use the 20 percent level. For comparative purposes, we  
follow their lead.  

GDP will result in a 0.1246 percentage point decrease,in the growth rate ofGDP, 

everything else equal, which supports the conditional convergence property. The 

change in the terms of trade variable has a positive effect on the growth rate at the 

one-percent level. The coefficient of 11.15 implies that a one-percent increase in 

TOT will result in a 0.1115 percentage point increase in the growth rate ofGDP. 

The black market premium on the exchange rate variable is significantly 

and negatively associated with growth at the five-percent level. The coefficient of 

2.92 implies that a one hundred percent increase in BMP will lower the GDP 

growth rate by 2.92 percentage points. 

The negative coefficient of-4.98 on government consumption is also 

significant at the one-percent level. This finding implies that a one hundred percent 

increase in the share ofgovernment consumption or spending lowers the rate of 

growth by 4.98 percentage points. The negative significance ofpopulation for 

growth is consistent with much of growth literature. A one hundred percent 

increase in population will lower GDP growth by 4.2 percent. Human capital is 
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statistically significant at the twenty-percent levels, a result opposite to that of 

Benhabib and Spiegel (1994) and Islam (1995)21. However, Islam suggests that 

human capital might affect total factor productivity, a hypothesis we will test in the 

next chapter. Canning et al. (1994) offer an explanation for why human capital has 

low significance in the regressions: most ofthe variable's influence is already 

captured by the country specific effects.22 

The specification without BMP shows consistent results and all variables 

retain their signs and significant levels. However, except openness which gains in 

significance from the ten-percent to five-percent level. This finding might imply 

that there is some correlation between OPEN and BMP. 

4.3 The Sources of Growth in Countries with Different Income Characteristics 

Much of the new growth literature overlooks country characteristics as the 

dominant factor ofgrowth performance. In this part of the chapter, we focus in 

three groups of countries distinguished by income. Following the classification of 

the World Development Report 1994, we classify our country sample into three 

groups depending on their levels of annual per-capita incomes: low-income 

21 Islam (1995), using panel regression, finds that human capital does not contribute 
significantly to explaining output. 

22 See Canning et al (1994). 

http:effects.22
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economies, $675 or less; middle-income economies, $676-8,355; and high-income 

economies, $8,356 or higher. Ofthe 48 countries, we have 10,22 and 16 countries 

with low, middle and high-incomes, respectively. 

To understand whether the effect of an explanatory variable J3k differs for 

income groups a and b, we employ the Wald Test. The test is expressed as follows: 

. 2 = ,where k =1,2, ... , K 
and 

X. 

K is the number of 
explanatory variables. 

Ifthe null hypothesis (J3k8 = J3kb) is true, this statistic has a chi-squared distribution 

with one degree of freedom. So, ifthe test statistic is larger than the critical value 

from that distribution at the five-percent level of significance, we can reject the null 

hypothesis and conclude that there is a significant difference between the two 

coefficient estimators. 

4.4 Results in the Panel Regression for Different Income Groups 

Using the same method as above for each group of countries, yields,many 

interesting results (table 2). Initial GDP has a significant negative effect on growth 
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Table 2: 
Growth Rate and Policy Indicators 

Panel Growth Regression in Different Income Economies 

~pendentvariable: Growth Rate ofGOP per Capita 
High-income 
economies 

Middle- income 
econ omies 

Low- income 
econ omies 

Number II 21 3 41 5 
LOOP" 

INVT" 

OPEN" 

GCON" 

EOUSEC" 

BMP' 

TOT' 

PPU" 

INFAb 

MR· 

TIMEI 

TIME2 

TlME3 

TIME4 

TIME5 

TIME6 

-22.8901···· -11.4922···· -12.1496···· 
(-6.8202) (-4.8717) (-5.2891) 

13.9869···· 8.9066···· 9.2651···· 
(4.2095) (3.2169) (3.3597) 
-4.9018· 2.6448 3.0711· 
(-1.580) (1.1002) (1.2895) 
-3.5868 -3.7016· -4.3540· 

(-1.2129) (-1.3092) (-1.5670) 
0.5437 -1.6522 -1.7922 
(0.564) (-1.1801) (-0.9445) 

-2.0734 
(-0.8708) 

11.1599·· 6.9175 8.2721 
(1.9232) (0.7714) (0.9282) 

-3.1778···· -4.2957·· -3.8939·· 
(-3.0563) (-1.8186) (-1.6625) 

-1.3130*··· -2.3938···· -2.6693···· 
(-2.6789) (-3.8005) (-4.5528) 

0.7013 0.8642 0.9516 
(0.5517) (0.4615) (0.5075) 

-3.0648···· -1.5804··· -1.7993·" 
(-4.2309) (-1.9890) (-2.3240) 

-1.35746···· 0.4837 0.3713 
(-2.9394) (0.9689) (0.7562) 

-0.0150 0.6647· 0.7233· 
(-0.0568) (1.6495) (1.8052) 

0.8974···· -1.2239···· -1.1941···· 
(3.0868) (-2.8690) (-2.7984) 

1.9358···· 1.1342··· 1.2009··· 
(4.53) (2.2179) (2.3578) 

1.6040··· 0.5216 0.6977 
(2.4048) (0.7893) (1.0814) 

-10.4396···· -10.5637··· 
(-2.7371) (-2.7814) 

11.3189···· 13.297···· 
(2.5735) (3.5481) 

-3.339 -3.3950 
(-0.6666) (-0.6802) 

-22627 -2.4610 
(-0.5699) (-0.6231) 
3.1579· 3.0586 
(1.3042) (1.2692) 
-1.9030 

(-0.8677) 
13.5144 12.6471 
(0.9433) (0.88811) 

-8.7533··· -8.5839··· 
(-2.3870) (-2.3524) 

0.6308 0.7558 
(0.4904) (0.5934) 

0.8991 0.43786 
(0.2) (0.0984) 

2.0094·· 2.0033·· 
(1.9218) (1.9229) 

0.7027 0.6973 
(0.9152) (0.9114) 

0.6997 0.6532 
(0.9752) (0.9162) 
-0.4809 -0.5500 

(-0.6801) (-0.7855) 
-0.2297 -0.2115 

(-0.2951) (-0.2728) 
-2.70131···· -2.5924···· 

(-2.9236) (-2.8421) 
Summary statistics 
Adjusted R Squared 
SEE 
WaJd test 

0.7664 0.6364 0.6349 
1.7781 1.5357 1.5389 

206.2534 168.2979 

0.3271 0.3318 
2.0352 2.0280 

136.243 
Observations 96 132 132 60 60 

Note: See Table 1. Source: See Data Appendix  
The numbers in parentheses are t statistics. SEE is the standard error ofestimation.  
a In the regression, this variable is included as log (variable)  
b In the regression, this variable is included as log (1 +variable)  
****, ***, ** and * mean significant at 1-, 5-,10- and 20-percent level,  
respectively  
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Table 2 (continued) 

At a. = 0.01, -J!c value =129.56l.  
d Follow WDI classification, we classify our country sample into three groups  
depending on their levels ofannual per-capita income; low-income economies,  
$675 or less; middle-income economies, $676-8,355; and high-income economies,  
$8,356 or higher. 48 observations, we have 10, 22 and 16 countries with low,  
middle and high-income economies, respectively.  

in all case, which is consistent with conditional convergence. The value of-22.89 

compares with -12.14 and -10.56 for high, middle and low-income groups in the 

models that excluded BMP, respectively. The coefficients imply that a one-percent 

increase in LGDP will result in 0.2289,0.1214 and 0.1056 percentage point 

decreases in the growth rates of GDP in hlgh",:, middle- and low-income group, 

respectively. The findings show that economies tend to converge quickly in high-

income groups, but relatively slowly in middle and low-income groups. This 

convergence property might indicate a superior ability to adopt modem technology 

and knowledge in high-income countries. 

Investment seems to be the main engine for growth in all three groups. All 

coefficients have positive signs and are significant at the one-percent level. The 

value of 11.31 in column 4 for low-income economies on the investment variable 

implies that a one-percent increase in INVT will lead to an increase in the growth 

rate ofGDP of0.1131 percentage points. 

Population growth tends to be a growth-reducing factor in all three groups, 

especially in the low-income group. The coefficient values of-3.177, -4.295 and-
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8.753 imply that a one-percent increase in population will reduce the GDP growth 

rates by 0.03,0.04 and 0.08 in high- middle- and low-income groups, respectively. 

Inflation is also a growth-reducing factor, especially in high- and middle-

income economies. Black market premiums on foreign exchange variables have 

regained the expected negative sign but have an insignificant effect on the growth 

rate. 

The terms of trade variable seems to benefit high-income countries but not 

middle- and low-income countries. Human capital has a positive effect for low-

income countries but it is significant only at the twenty-percent level. So 

improvements in these two variables are weakly associated with growth for high-

income group. 

Finally, for middle-income economies, the OPEN variable has now become 

positively significant at the twenty-percent level. However, for the high-income 

economies, OPEN is negatively significant at the twenty-percent level. So, a higher 

degree ofopenness is likely to benefit growth for middle-income economies but 

lower the growth rate ofhigh-income economies. 

Table 3 shows the results of the Wald Tests between each pair of income 

groups. Among variables that are statistically significant in either high- or middle-

income economies, initial GDP, inflation and openness estimates are different 

between these two groups. We also test whether there is a difference in the overall 

regression between each group. The results in table 2 show that the overall 

regressions are significantly different among three income groups. 

http:0.03,0.04


37 

Openness variables and inflation are statistically different in the high-

income economic and middle-income economic groups. Openness seems to play an 

opposite role in explaining growth in high- and middle-income economies. 

Inflation has a stronger growth-reducing effect in high- and middle-income 

economies. Between the middle- and low-income groups, the Wald test shows no 

significant differences for all three significant variables.23 

Table 3: Wald Test for Differences between Estimated Coefficients 

High- and Middle-Income 
Test Value 

Initial GOP 6.9854 rejectHo 
Investment 1.369 do not reject Ho 
Population Growth 0.08 do not reject Ho 
Openness 4.1586 rejectHo 
Inflation 3.161 rejectHo 

High- and Low-Income 
Test Value 

Initial GOP 5.9417 rejectHo 
Investment 0 do not reject Ho 
Population Growth 2.0452 do not reject Ho 

Middle- and Low-Income 
Test Value 

Initial GOP 0.1273 do not reject Ho 
Investment 0.7536 do not reject Ho 
Population Growth 1.186 do not reject Ho 

At (l = 0.05, 'lc value =3.84.  
At the 5% level of significance, we reject Ho if XW > X2 c, and conclude that there is  
a different between estimators.  

23 We also do the Wald test for each pair of income groups where variables are 
significant in one income group but insignificant in the other. The test results 
indicate that we can not reject the hypothesis. 

http:variables.23
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4.5 The Sources ·of Growth and the Trade Orientation Effect for Open and Closed 
Economies 

This part of the chapter follows Sachs and Warner (1995) to study growth 

determinants using ''trade orientation" as the criterion for defining "open" and 

"closed". 24 We also sketch out some basic relationships between per capita income 

convergence and trade. 

4.6 Results in the Panel Regression between Open and Close Economies. 

Table 4 shows the relationship between growth and the explanatory 

variables in open and closed economies. The coefficients on all variables retain 

their expected signs. We can see that the openness variable in open economies 

shows a stronger relationship with growth than it does in closed economies (3.91· 

versus 3.01, respectively). The coefficients are significantly positive at the ten-

percent level for open economies and at the twenty-percent level for closed 

economies. This finding indicates that both relatively closed and open economies 

benefit from trade. 

24 Sachs and Warner (1995) classify countries as open or closed based on trade 
policies. A country is closed if it has at least one of the following characteristics: 
non-tariff barriers covering 40 percent or more of trade, average tariff rates of40 
percent or more, a black market exchange rate that is depreciated by 20 percent or 
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Table 4: 
Growth Rate and Policy Indicators 

Panel Growth Regression between Open and Closed Economies 

Dependent variable: Growth Rate ofGDP per Capita 
I OPEN I I CLOSED I 

LGDP" 

INVT" 

OPEN" 

GCON" 

EDUSEC" 

BMP' 

TOr 
PPU" 

INFAb 

MR" 

TIME1 

TIME2 

TIME3 

TIME4 

TIMES 

TIME6 

-11.0766···· 
(-5.2483) 

11.2098···· 
(5.2713) 

3.9193" 
(1.8287) 

-6.7511···· 
(-2.5511) 

-1.0941 
(-0.9456) 
-3.4942· 
(-1.6057) 
10.1071· 
(1.4205) 

-3.1760···· 
(-3.8011) 

-0.2612 
(-0.6004) 

1.3732 
(0.9787) 

-0.4566 
(-0.8506) 
-0.5632· 
(-1.4489) 

0.1067 
(0.3864) 
-0.0571 

(-0.1982) 
1.0802···· 

(3.0777) 
-0.1100 

(-0.2282) 

-15.8351···· 
(-5.7537) 

5.4025··· 
(2.0778) 
3.0117· 
(1.4838) 
-2.0101 

(-0.7736) 
3.5276··· 

(2.2689) 
-3.2041··· 

(-2:0066) 
18.9128·· 

(1.8865) 
-3.2078· 
(-1.3826) 

-1.1233·· 
(-1.8884) 

0.0130 
(0.0060) 

-0.0003 
(0.00) 

1.2708···· 
(2.7388) 

0.8535··· 
(2.0624) 

-1.1855···· 
(-2.6840) 

-0.0086 
(-0.0195) 

-0.9298·· 
(-1.6938) 

Summary statistics 
Adjusted R Squared 
SEE 
Observations 

0.666 
1.1982 

150 

0.4858 
1.8089 

138 

more relative to the official exchange rate, a socialist economic system, or a state 
monopoly on major exports. 
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Table 4 (continued) 

Note: See Table 1. Source: See Data Appendix.  
The numbers in parentheses are t statistics. SEE is the standard error ofestimation.  
a In the regression, this variable is included as log (variable)  
b In the regression, this variable is included as log (1 +variable)  
****, ***, ** and * mean significant at 1-, 5-, 10- and 20-percent level,  
respectively  

Investment has a significantly positive effect on the growth rate at the one-

percent level for open economies and at the five-percent level for closed 

economies. These coefficients of 11.20 and 5.40 imply that a one-percent increase 

in the investment ratio will result in an increase in the growth rate ofGDP of 

0.1120 and 0.0540 percentage points. Again, we fmd a stronger effect of 

investment on the growth rate in open economies than that in close economy. 

Government spending seems to playa significant role in reducing growth in open 

economies. The negative coefficient of-6.751 is also significant at the one-percent 

level. This finding implies that a 1 hundred percent increase in the share of 

government consumption in GDP lowers growth by 6.75 percentage points. 

Initial GDP has a relatively large and significant coefficient at the one-

percent level, in both regressions, confirming conditional convergence. An 

improvement in the terms of trade is weakly associated with higher growth rate for 

both types ofeconomies. 

We again do Wald tests to examine whether the differences among the 

coefficients that have a strong relationship with growth in both groups are 

statistically significant. For the share of investment, the test value is 2.989, and we 

reject the null hypothesis at the ten-percent level (x2c value =2.70). This fmding 
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implies that there is a different effect of investment between open and closed 

economy group. The remaining results are in appendix. 

In the next part, we will concentrate on detailed measures ofopenness. In the 

earlier part of the study, we simply adopt the ratio of import plus export to GDP, a 

measure widely used in the empirical growth literature. Here, we develop four more 

measurements ofopenness. The fIrst one is the exports to GDP ratio?5 The second 

is the imports to GDP ratio, where indicate import penetration in the domestic 

market. The third variable is the non-agriculture exports to GDP ratio. The last one 

is agriculture exports as a percent ofGDP. We will examine the effect of the 

exports ofprimary products on growth, taking agriculture exports as a proxy for 

primary exports. 

Table 5 reports coefficients of the three developed openness variables. 

Exports to GDP ratio seems to playa important role in growth-enhancing. The 

coefficient value of4.96 is signifIcant at one-percent level. However, the ratio of 

imports to GDP displays a negative correlation with growth, which is signifIcant at 

five-percent levels. This may imply that a large increase in imports harms domestic 

suppliers, outweighting the potential benefits of importing advanced capital or 

equipment on total factor productivity. For the ratios of the agriculture exports and 

non-agriculture exports to GDP, the result shows a positive relationship between 

25 Miller and Upadhyay (2000) examined regression using both the imports plus 
exports to GDP and the exports to GDP as a measure ofopenness and found that 
the exports to GDP ratio performed better. 
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Table 5:  
Growth Rate and Measurement of Openness  

Dependent variable: Growth Rate ofGDP per Capita 

I 2 

IMPORTa -3.065·· 
(-1.81) 

EXPORTa 4.956···· 
(3.64) 

AGXa 

NON-AGXa 

LGDPa -13.706···· 
(-8.36) 

INVra 8.137···· 
(5.30) 

GCONa -5.150···· 
(-3.10) 

E:DUSECa 0.751 
(0.795) 

BMPb -2.724··· 
(-2.33) 

TOTb 15.709···· 
(2.69) 

PPUa -4.007···· 
(-3.68) 

INFAb -1.088···· 
(5.29) 

M2a 1.825· 
(1.56) 

TIME1 -0.445 
(-1.09) 

TIME2 0.469· 
(1.57) 

TlME3 0.533··· 
(2.22) 

TIME4 -0.621··· 
(-2.39) 

TIMES 0.551··· 
(1.98) 

TlME6 -0.486· 
(-1.42) 

-2.480· 
(-1.16) 

0.856···· 
(3.74) 

2.381···· 
(2.64) 

12.449···· 
(-7.57) 

7.937···· 
(5.23) 

-4.133···· 
(-2.49) 
1.011 
(1.07) 

-2.190··· 
(-1.86) 

13.33··· 
(-2.26) 

-4.882···· 
(-4.48) 

-1.278···· 
(-3.77) 
1.424 
(1.21) 
-0.292 
(-0.73) 
0.478· 
(-1.62) 
0.460·· 
(1.93) 

-0.710···· 
(-2.79) 
0.538·· 
(1.94) 

-0.475· 
(-1.40) 

Summary statistics 
Adjusted R Squared 0.55 
SEE 1.543 
Observations 288 

0.55 
1.534 
288 
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Table 5 (continued) 

Note: See Table 2. Source: See Data Appendix.  
The numbers in parentheses are t statistics. SEE is the standard error ofestimation.  
a In the regression, this variable is included as log (variable)  
b In the regression, this variable is included as log (1 +variable)  
****, ***, ** and *mean sigru·ficant at 1-, 5- 10- and 20-percent level , ,  
respectively  

growth and primary exports. Therefore, we conclude that both the exports of 

agriculture and non-agriculture products do induce the country's growth rate. 

In summarize this section, the role of investment, population growth, initial GDP 

and BMP appear to be the major sources ofgrowth. We can further conclude that 

there may be different sources ofgrowth for open as opposed to closed economies. 

Human capital has a weak relationship with growth rate. These findings lead us to 

ask how~through which channels- human capital and trade affects on growth. 

This is the subject of the next chapter. 
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CHAPTER 5  

ESTIMATES OF PRODUCTION FUNCTIONS AND TOTAL FACTOR  
PRODUCTIVITY  

5.1 Estimates of the Production Function and Total Factor Productivity 

The production function for period t can be written as 

Yt =A(t)f (Kt. Lt) 

where Y equals real GDP, K equals the stock ofphysical capital, t equals the 

number of the workers, and A is a measure oftotal factor proquctivity. Thus the 

growth ofoutput over time must be due to the growth of inputs, and/or technical 

change. We can write 

Y' = dY/dt, A' =dA/dt, K' = dK/dt, L' =dL/dt 

Then differentiating the production function with respect to time, we find that 

Y' = f(K.,Lt)A' +A fK K' + A fL L' 

Hence Y' = f(K.,Lt)A' + AfK K K' + AfL ~ L' 
Y Y Y K YL 
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y' = A' + YKKK' + YLL~' 
y A Y K YL 

The residual is simply the rate ofgrowth ofA, or the rate of growth of the 

economy's efficiency parameter, the so-called the growth in total factor 

productivity . 

To measure total factor productivity, we calculate those residuals from our 

estimates of two Cobb-Douglas production functions. It has long been argued that 

the stock ofhuman capital should be included as one of the inputs in the production 

function (Mankiw, Romer and Wei! (1992». To incorporate this argument, our two 

production functions, one excluding and the other including the stock ofhuman 

capital, are expressed as follows: 

o< a. < 1 and 0 < 13 <1 (1) 

o<a. < 1, 0 < Y <1, and 0 < 13 < 1 (2) 

H equals the stock of human capital, measured in this case by an educational 

attainment. In this study, the assumption of constant returns to scale is not imposed, 

so that (0.+13) in (1) and (a.+P+Y) in (2) might not be equal to one. 
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Dividing equations (1) and (2) by the number ofworkers (L) expresses 

GDP, the stock ofphysical capital and the stock ofhuman capital on a per worker 

basis: 

Y/L= AKuLP/L (3)  

Y/L = A KU W LP / L (4)  

Noting that L = L U and L(1-a) ,and defining k = KIY and h = HIL yields the 

following: 

y = A k uL(u+P-I), and (5) 

y = A kU hY L(u+P+r-I), (6) 

where y equals real GDP per worker, k equals the stock ofphysical capital per 

worker, and h equals the stock ofhuman capital per worker. These production 

functions exhibit constant returns to scale if (a+~) or (a+~+y) are equal to one, 

respectively. 

Transforming equations (5) and (6) into natural logarithm form yields the 

following: 

LNy = LNA + a LNk + <p LNL; <p = (a + ~ -1) and (7) 

LNy = LNA + a LNk + "( LNH + ~ LNL; ~ = (a+ ~ + "( -1). (8) 
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5.2 Production Function Estimates 

Table 6 shows the estimates ofequations (7) and (8). Column one gives the 

estimate ofequation (7). The coefficient ofLN L, (cp), (-0.056) indicates that the 

production function exhibits slightly decreasing returns to scale. However, it is not 

significantly different from zero, so constant returns to scale cannot be rejected. 

The coefficient ofLN k, (a.) indicates that the elasticity ofoutput with respect to 

the stock ofphysical capital is 0.2. Therefore, the elasticity ofoutput with respect 

to the labor force is O.744 (~ = 1+ cp - a.). Thus, the combined output elasticity with 

respect to labor and capital stock is 0.94. Column two reports the estimates of 

equation (8) .. The coefficient ofLN I (-0.05), again insignificantly different from 

zero, indicates that the specification including human capital can not reject constant 

returns to scale. The output elasticity with respect to human capital equals 0.09, 

which is significantly different from zero at the one-percent level. The output 

elasticity with respect to the stock ofphysical capital is 0.21, slightly higher than 

that from the specification excluding human capital. Thus, the output elasticity with 

respect to labor, in this case ~ =(1 -+ cj) - a. - y), equals 0.65, which may imply that 

the coefficient for labor in the specification excluding human capital incorporates 

some of the effects ofhuman capital.26 Overall, our result on the effect ofhuman 

26 See Mankiw, Romer, and Wei! (1992). 

http:capital.26
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Table 6: 
Production Function Estimates 

Panel Regression 

Dependent variable: LN Real GDP per worker 
i I 1 I I 2 I 

LNL 

LNKAPW 

LNH 

TIME 1 

TIME2 

TIME3 

TIME4 

TIME5 

TIME6 

-0.05564 
(-0.62984) 

0.200434**** 
(7.16887) 

-0.20686**** 
(-5.90982) 

-0.105326**** 
(-4.3054) 
0.009767 
(0.52687) 

0.080766**** 
(4.14272) 

0.09040**** 
(3.64471) 

0.13125**** 
(4.12636) 

-0.04989 
(-0.57355) 

0.20858**** 
(7.53881) 

0.08903**** 
(2.89643) 

-0.15079**** 
(-3.81502) 

-0.07465**** 
(-2.83753) 

0.01551 
(0.84501) 

0.0622**** 
(3.07373) 

0.05862*** 
(2.18967) 

0.08912*** 
(2.58083) 

Adjusted R Squared 
SEE 
Observations 

0.74758 
0.12389 

288 

0.75537 
0.12196 

288 

Note: See Table 2. Source: See Data Appendix.  
The numbers in parentheses are t statistics. SEE is the standard error ofestimation.  
The dependent variable is the natural logarithm of an average real GDP per worker  
over five-year period.  
LNL is the natural logarithm ofan average labor force.  
LNKAPW is the natural logarithm ofan average physical capital stock per worker.  
LNH is the measure of the stock ofhuman capital.  
****, ***, ** and * mean significant at 1-, 5-, 10- and 20-percent level,  
respectively  
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capital in the production function is consistent with Mankiw, Romer, and Weil's 

(1992) results. Thus, we conclude that human capital plays an important role in 

production. However, for comparison, we use both specifications. 

5.3 Total Factor Productivity and Its Determinants 

In this section, we examine the role ofpotential determinants of total factor 

productivity including some policy indicators. First of all, we calculate two 

measures oftotal factor productivity for a particular country as the unexplained 

residual based on the estimated production functions with and without human 

capital. Next we regress the measure oftotal factor productivity on a set of 

macroeconomic determinants. Our equations take the following forms: 

(9) 

LNTFPH =91 + 92LNOPEN + 93LN(BMP) + 94LNMR + 9sLN(INF) + 

9~N(TOT) + 97LNH +I 7
i=1 97=i timej +7 + E (10) 

where LNTFP is the natural logarithm of total factor productivity per worker 

derived from the production function excluding human capital; LNTFPH is the 

natural logarithm of total factor productivity per worker derived from the 
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production function including human capital; LNOPEN is the natural logarithm of 

the average ratio of exports plus imports to real GDP; LNBMP is the natural 

logarithm of the average black market premium on foreign exchange; LNMR is the 

natural logarithm of the money supply to real GDP; LNTOT is the natural 

logarithm of the terms of trade; and LNH is the natural logarithm of human 

capital. 27 

5.3.1 Openness, Size ofGDP and Growth 

In the preceding section we assume that the degree of openness as measured 

by trade ratio (exports plus imports over GDP) is positively correlated with total 

factor productivity. This measure of openness, however, does not account for 

country size, a factor which substantially affects a country's trade dependence. 

Table 7 shows that relatively sma1l28 countries have relatively large trade ratios, but 

their average growth rates are lower. This finding suggests that the sample trade 

ratio should be adjusted for the country size. 

27 Whether human capital is best conceived as an independent argument in the 
production function or as a determinant of total factor productivity is controversial. 
See Miller and Upadhyay (2000). 

28 Using GNP per capita classification follows the World Development Report 
(1994). 
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Table 7: The Ratio ofExports plus Imports to GDP, Size, Growth Rate, and Year 

Size of Economies The Ratio of Exports + Imports to GDP Average Growth Rates 

Large Economic Countries 37.28 4.1 

Middle Economic Countries 42.7 3.31 

Small Economic Countries 71.1 1.9 

Source: Author's calculatton  
All 48 countries in the sample, during period 1960- 1990.  

Following this evidence, assume that openness equals the product of the log 

of OPEN and the log ofRGDP. The interaction coefficient will explain the effect of 

the new measurement on TFP. 

LNTFP = 81 + 82LNOPEN*LNRGDP + 83LN(1 +BMP) + 8~NMR + 

(11) 

LNTFPH = 81 + 82LNOPEN*LNRGDP + 83LN(1 +BMP) + 8~NMR + 

(12) 

5.3.2 Total Factor Productivity and the Interaction Term between the Level of 
Openness and Human Capital 

Islam (1995) and Benhabib and Spiegel (1994) suggest that human capital 

may affect income growth through total factor productivity. One interesting 

potential factor that might improve total factor productivity is the interaction 

between human capital and openness. Miller and Upadhyay (2000) suggest that the 
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more human capital a country has the greater the benefits of openness. Our 

estimating equations including the size and/or human capital interaction variables 

are as: 

LNTFP = 81 + 82LNOPEN + 83LN(1 +BMP) + 8J-NMR + 85LN(1 +INF) + 

86LN(1+TOT) + 87LNH + 88LNOPEN*LNH + :L8j=1 88+itime i +8 + E (13) 

LNTFP = 8 1 + 82LNOPEN*LNRGDP+ 83LN(I+BMP) + 8J-NMR + 85LN(I+INF) 

+ 86LN(I+TOT) + 87LNH + 88LNOPEN*LNH + :L8j=188+itime i+8 + E (14) 

LNTFPH = 8 1 + 82LNOPEN + 83LN(I+BMP) + 8J-NMR + 85LN(1+INF) + 

8~N(1+ TOT) + 87LNH + 88LNOPEN*LNH + :L8j=1 88+itime i +8 + E (15) 

LNTFPH =8 1 + 82LNOPEN*LNRGDP+ 83LN(1 +BMP)+ 8J-NMR +85LN(1 +INF) 

+ 86LN(1 + TOT) + 87LNH + 88LNOPEN*LNH + :L8j=1 88+itime i +8 + E (16) 

5.3.3 Alternative Measures a/Openness 

As stated in chapter 4, often the measure ofthe openness is problematic. 

Here we use additional measures of the openness which specify components of 

aggregate trade: the export to GDP, import to GDP and primary export to GDP 
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ratios. We also explore the effect of openness on total factor productivity in open 

and closed economies, using Sachs and Warner's (1995) classification for 

openness. 

5.3.4 Freedom, Openness and Total Factor Productivity 

Many policy makers believe that more democratic (freer) and more open 

regimes grow faster. In Table 8, we show the status of freedom, reflecting political 

rights and civil liberties, in our sample countries. 29 As shown, free countries with 

an average growth rate of 2.21, out perform "partly" and "not free" countries, with 

average growth rates of2.17 and 0.02, respectively. The last column, status of 

openness, indicates that most free countries are open-economy countries and all 

non-free countries are closed economy countries. An interesting finding is revealed 

in the partly free category: a relatively large gap in the average growth rate of 4.230 

and 1.6 for countries in the two categories which are open and closed. 

29 Freedom ofthe World rates each country on seven category scales for political 
rights and civil liberties. Each country is then classed as broadly in "free", "partly 
free" or "not free" 

30 Four out of five countries are high-performing Asian economies, Pack and Page 
(1994) suggested that their rapid growth rates were supported by exports. 
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Table8: Status ofFreedom and Average Growth 

Number ofcountries Average growth Status of opennes~ 

Free Countries 24 2.21 22 Countries are open 

2 Countries are closed 

Non-Free Countries 5 0.02 All closed economies 

Partly-Free 
Countries 

19 2.17 5 Open average growth 4.2 

14 Closed average growth 1.6 

Source: Freedom o/the World book and author's calculation 
• Follow Sachs and Warner (1995)'s classification. 

Following Freedom in the World data sources, we develop another dummy 

variable. The FREE variable takes a value of 1 for the country that is free or partly 

free and 0 for non-free countries. We use the interaction term between the FREE 

dummy variable and the openness variable to study the effect of open and 

democratic regimes on total factor productivity. 

5.4 Total Factor Productivity Regressions 

Table 9 summarizes the results of the relationship between total factor 

productivity and policy variables. Our estimating equations excluding human 

capital are shown in columns 1-3 and those including human capital are in columns 

5-7. Variables significantly correlated with total factor productivity are openness, 
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tenns oftrade, money supply and human capital. The measure oftrade orientation 

has a positively significant relation with total factor productivity at the one-percent 

level. The coefficient of0.1556 implies that a one-percent increase in the openness 

ratio will result in a 0.1556 percent increase in total factor productivity. In other 

words, a one hundred percent increase in the ratio will lead to a 15.56 percent 

increase in IFP. So, a more open economy certainly benefits total factor 

productivity. This is a relatively large effect. To take the example ofThailand from 

1980-1990, a 15-percentage point increase in the trade ratio 49 percent to 64 

percent would have accounted for a 2.33 percent increase in total factor 

productivity . 

The MR variable has a significant positive effect on total factor 

productivity at the one-percent level. The value of0.1 046 implies that a one 

hundred percent increase in money supply will raise total factor productivity by 

10.46 percent. Thus, an increase in the money supply tends to increase total factor 

productivity. This finding suggests that for 1960-1990, the increase in the world 

money supply about 15 percent may have accounted for the 1.5 percent rise in IFP. 

Thus, governments might increase the money supply as a direct policy to boost 

total factor productivity and economic growth. However, at the same time, a huge 

increase in money supply can yield high inflation31 , which retards growth. 

31 We also test our IFP specification including an inflation rate as a detenninant; 
the coefficient show insignificant relationship in all regressions. The results might 
indicate some correlation between regressors. However, when we use different 
measures ofopenness, an inflation variable shows some significant effects on IFP. 



Table 9:  
Estimates ofTotal Factor Productivity: Panel Regression  

Independent variable TFP 
1 

TFP 
2 

TFP 
3 

TFP 
4 

TFPH, TFPH 
6 

TFPH 
7 

TFPH 
8 

LNOPEN 

LNOPEN·LNY 

LNTOT 

LNBMP 

LNMR 

LNH 

LNOPEN·LNH 

LNOPEN·dummy 

TIME1 

TIME2 

TIME3 

TIME4 

TIMES 

TIME6 

0.1'''8··~~ 

(3.93S79) 

0.096106··.. 
(2.78072) 
·0.16636 

(-0.88124) 
0.10466··.. 

(3.019') 
0.093478·..• 

(3.20179) 

-0.116'9···· 
(-4.64973) 

-0.06'16···· 
(·3.1S'4) 
0.0261S· 
(1.S 1499) 

0.0'811 .... 
(3.263'3) 

0.04287·" 
(2.18284) 

0.OS461··· 
(2.3496') 

0.013076···· 
(6.14794) 

0.098'0···· 
(2.98966) 
-0.23754· 
(·1.31839) 

0.10645···· 
(3.2332S) 

0.08972···· 
(3.21504) 

-0.07730..•• 
(·3.03256) 

-o.0469S··· 
(·2.33320) 
0.0316S·· 
(1.9109') 

0.OSI858···· 
(3.03967) 
0.023431 
(1.21602) 
0.01731 

(0.73069) 

0.173U···· 
(4.11'62) 

0.093'2···· 
(2.703'6) 
-0.17113 

(-0.90722) 
0.10917···· 

(3.1347) 
-0.02888 

(-0.27462) 
0.03181 

(1.21069) 

-0.11206···· 
(-4.42472) 

-0.06229···· 
(·2.99980) 
0.02723· 
(1.57681) • 

0.0'916···· 
(3.32200) 

0.0404'··· 
(2.0'144) 

0.04750··· 
{1.98349) 

0.101"· 
(2.073) 

0.216···· 
(2.72) 
-0.186 

(-0.988) 
0.1014···· 

(2.94) 
0.196··.. 
. (2.91) 

0.139··· 
(1.97) 

-0.111···· 
(-4.411) 

-0.06'···· 
(·3.1'6) 
0.027· 
(1.517) 

0.0'83.... 
(3.291) 
0.04··· 
(2.03) 

0.0'0··· 
(2.17) 

0.14203···· 
3.0118' . 

0.12646···· 
(3.06740) 
-0.428"·· 
(·1.90293) 
0.09442··· 
(2.28338) 

O.082U··· 
(2.35869) 

0.184'3···· 
(6.1688') 

-0.19894···· 
(.8.07538) 

-0.06011···· 
(.2.9186') 
0.01'83 

(0.74"1) 
0.03948·· 
(1.68'3') 
0.01919 

(0.69227) 

0.01241·..• 
(4.82074) 

0.12943···· 
(3.24482) 

-0.'0243··· 
(·2.30330) 
0.09701··· 
(2.43358) 

0.07882··· 
(2.33280) 

0.22288··.. 
(7.22197) 

-0.18138···· 
(.7.44489) 

·0.OS463···· 
(·2.7244) 
0.0099S 

(0.48176) 
0.02057 

(0.88176) 
-0.01739 

(-0.60614) 

0.1'12'···· 
(3.00589) 

0.12'11···· 
(3.02399) 
-0.4310'·· 
(·1.91062) 
0.09679··· 
(2.323'6) 
0.01792 

(0.14243) 
0.01669 

(0.'3132) 

0.18690···· 
(6.17013) 

-0.19743·..• 
(·7.94940) 

·0.OS9'4···· 
(·2.88289) 
0.01638 

(0.76937) 
0.03822· 
(1.62036) 
o.oU46 

(0.'398') 

0.102·· 
(1.762) 

0.287···· 
(3.02) 

-0.442··· 
(·1.97) 

0.0921··· 
(2.222) 

0.176··· 
(2.17) 

0.99' 
(1.1') 

0.189···· 
(6.27) 

-0.1987···· 
(·8.07) 

-0.06···· 
(·2.89) 
0.016 
(0.75) 
0.037· 
(1.58) 
0.016 

(0.'82) 



Table 9 (Continued) 

Summary statistics 
RSquared 0.580038 0.615151 0.580891 0.585 0.477403 0.506758 0.475760 0.478 
Observations 288 288 288 288 288 288 288 288 
SEE 0.116201 0.111237 0.116083 0.115 0.138622 0.134672 0.13884 0.1385 

Note: See Table 2. Source: See Data Appendix. 
The dependent variable are the natural logarithm oftotal factor productivity derived from estimated production functions. 
The number in parentheses are t statistics. SEE is the standard error of estimation. 
TFP is a total factor productivity excluding the stock ofhuman capital. 
TFPH is a total factor productivity including the stock ofhuman capital. 
LNOPEN is the natural logarithm of the average ratio ofexports plus imports to real GDP. 
LNBMP is the natural logarithm ofthe average black market premium on foreign exchange.  
LNTOT is the natural logarithm ofthe terms oftrade shock.  
LNMR is the natural logarithm of an average money supply to GDP ratio.  
LNH is the natural logarithm ofthe measure of human capital.  
LNOPEN*LNH is the interaction term between openness and human capital.  
LNOPEN*LNY is measure ofopenness and size ofGDP  
LNOPEN*dummy is the interaction term between openness and dummy variable for open or close economy.  

** ** means significant at the I-percent level.  
* * * means significant at the 5-percent level.  
** means significant at the lO-percent level.  
* means significant at the 20-percent level. 
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The human capital variable has a significant positive effect at the one-

percent level. So improvement in human capital not only benefits output, but also 

total factor productivity. The terms of trade variable has a positive effect on total 

factor productivity at the one-percent level. BMP has a significantly negative effect 

on total factor productivity with human capital included in the production function. 

The results of similar regressions between total factor productivity, 

including human capital, are also shown in table 10. All of the significant 

coefficients yield similar results and maintain their significancQ level, except for the 

black market premium variables, which perform better. 

Now, we tum to the two interaction terms that we discussed earlier, first the 

relative size ofGDP and openness (Column 2 and 6 in table 9). 

LNOPEN*LNRGDP has strong significant and positive effects on total factor 

productivity both when we exclude and include human capital in the production 

function. This finding implies that the relative size oftrade is an important factor in 

determining its effect on total factor productivity. 32 

Second, we focus on the interaction term between openness and human 

capital. Columns 3 and 7 in Table 9 show the results: this interaction term has an 

32 However, when we included both openness and the interaction term between 
openness and RGDP into TFP and TFPH regressions, the openness variable had an 
insignificant effect on both TFP and TFPH. 
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insignificant effect on total factor productivity at any level in both the 

specifications.33 Miller and Upadhyay (2000), using a larger panel, found that the 

interaction term between openness and human capital is significant at the five- and 

ten-percent levels. Another explanation might be the countries' differences in 

openness and human capital. Some Asian countries promoted export as a primary 

source of growth. Those countries' total factor productivity tends to benefit more 

with Human capital and openness. Unlike, high-income countries, such as England 

or the US, which have a high level ofdomestic human capital but relatively small 

percentage of trade compare to domestic-consuming. Therefore the interaction term 

seems to playa less important role in improving total factor productivity and 

growth.34 

As mentioned earlier, we also focus on the partial measures of the export 

and import to GDP ratios and the ratios of the export ofprimary products and non-

primary product to GDP. Table 10 shows that all four variables have a significant 

effect on TFP. The coefficients of 0.56 and 0.49 ofexports to GDP and imports to 

GDP ratios have significant effects on TFP at the one-percent and five-percent 

levels, respectively. These findings imply both exports and imports benefit total 

factor productivity. Interesting results are found with respect to the primary export 

33 However, ifwe use the interaction alone without including human capital 
variable in the specification, the coefficient of0.05 of the interaction term indicate 
positive and significant at the I-percent level.(t-statistic =3.4) 

34 See Pack and Page (1994). 

http:growth.34
http:specifications.33
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to GDP ratio: the negative coefficients around 0.10 are significant at the one-

percent level in all specifications. This finding implies that a one hundred 

Table 10: 
Estimates ofTotal Factor Productivity with 

Partial Openness: Panel Regression 

Independent variable LNTFP LNTFP LNTFPH LNTFPH 
I 2 3 4 

LNEX 0.561···· 0.443·· 
(2.72) (1.78) 

LNIM 0.496·· 0.139···· 0.376 0.155···· 
(1.78) (2.92) (1.12) (2.70) 

LNTOT 0.222···· 0.258···· 0.282···· 0.307···· 
(2.73) (3.23) (2.89) (3.18) 

LNBMP -0.024 -0.013 -0298· -0.271 
(-0.13) (0.07) (-1.35 ) (-1.20) 

LNMR 0.091···· 0.078··· 0.080·· 0.067· 
(2.67) (2.30) (1.96) (1.63) 

LNINF -0.045··· -0.051··· -0.031 -0.034 
(-2.01) (-2.25) (-1.15) (-125) 

LNAGX -0.102···· -0.1 II···· 
(-3.72) (-3.35) 

LNNON-AGX 0.030·· 0.016 
(1.83) (0.82) 

LNH 0.151··· 0.162··· 0.133· 0.143·· 
(2.18) (2.40) (1.60) (1.75) 

TIMEI -0.165···· -0.123···· 0.143···· 0.184···· 
(-7.00) (-4.77) (4.84) (5.86) 

TIME2 -0.076···· -0.052··· -0.209···· -0.186···· 
(-3.67) (-2.58) (-8.36) (-7.57) 

TIME3 0.026· 0.030·· -0.062···· -o.oss··.. 
(1.47) (1.75) (-2.93) (-2.83) 

TIME4 0.065···· 0.059···· 0.021 0.015 
(3.61) (3.42) (0.96) (0.73) 

TIMES 0.062···· 0.033·· 0.056··· 0.029 
(3.17) (1.73) (2.39) (1.24) 

TIME6 0.089···· 0.053··· 0.051** 0.016 
(4.07) (2.35) (1.93) (0.58) 

Summary statistics 
RSquared 0.58 0.61 0.47 0.50 
Observations 288 288 288 288 
SEE 0.116 0.112 0.14 0.136 
Note: See Table 2. Source: See Data Appendix.  
The dependent variables are naturallogarithrn oftotaI factor productivity derived from estimated production functions.  
The numbers in parentheses are t statistics. SEE is the standard error ofestimation.  
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percent increase in primary exports will lower total factor productivity by almost 

nine percent, a result consistent with the structure of trade ideas suggested by 

Adelman and Morris (1973).35 

Now we turn to the effect of openness in open and closed economies using 

the dummy variable developed by Sachs and Warner (1995). Columns 4 and 8 in 

table 9 show the results with the open and dummy variable interaction term. Ibis 

variable has a significantly positive effect at the five-percent level on TFP. This 

finding implies that the effect of the openness ratio on TFP differs between open 

and closed economic countries. The effect ofopenness on TFP in open countries is 

14 percentage points greater than the effect ofopenness on TFP in closed countries, 

other things equal. 

The final alternative effects of openness and freedom are presented in table 

11. Our dummy variable takes a value of one for free and partly free countries and 

zero for non-free countries.36 However, data limitation forces us to reduce our six 

time periods to four. We also take the ratio ofexports to GDP instead of the ratio of 

35 See chapter 2. 

36 We also test for 2 separate dummy variables for partly free and free, along with 2 
openness and dummy-interaction terms, using non-free as a reference group. 
However, the coefficient results for those 4 variables show no signs of significant. 

http:countries.36
http:1973).35
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Table 11: 
Estimates ofTotal Factor Productivity with 

Status ofFreedom and Its Interaction Term with Openness 
Panel Regression 

Independent variable LNTFP LNTFP 
1 2 

LNTFPH LNTFPH 
3 4 

LNIM -0.022 -0.115 0.029 -0.099 
(-0.21) (-1.07) (0.26) (-0.84) 

LNNON-AGX 0.02S· 0.027· 0.003 0.002 
(1.35) (1.31) (0.14) -0.06 

LNAGX -O.13S···· -0.117···· -0.126···· -O.09S···· 
(-4.39) (-3.72) (-3.6S) (-2.SS) 

LNTOT 0.2S0.... 0.30S···· 0.299···· 0.339···· 
(3.SS) (4.16) (3.79) -4.21 

LNMR 0.046· 0.046· 0.057" O.OSS· 
(1.32) (1.31) (1.50 ) -1.51 

LNINF -O.06S.... 0.062···· -0.053··· -0.045" 
(-2.91) (-2.63) (-2.07) (-1.75) 

LNBMP -0.126 -0.073 -O.36S· -0.447·· 
(-0.59) (-0.34) (-1.5S) (-1.89) 

LNH 0.142· 0.155· 0.325···· 0.344···· 
(1.45) (1.56) (3.05) -3.19 

FREE 0.307··· 0.37S··· 
(2.23) (2.52) 

LNOPEN·FREE 0.045·· 0.066··· 
(1.73) -2.3 

TIME3 -0.024· -0.023· -0.046··· -0.045··· 
(-1.35) (-1.29) (-2.41) (-2.34) 

TIME4 0.006 0.003 0.006 0.002 
(0.47) 0.26 (0.41) -0.13 

TIMES -0.010 -0.009 0.022· 0.023· 
(-0.79) (-0.73) (1.55) -1.69 

TIME6 0.02S" 0.029" 0.019 0.02 
(1.81) (1.85) (1.11) -US 

Summary statistics 
RSquared 0.40 0.40 0.51 0.51 

Observations 192 192 192 192 
SEE O.SI O.OS 0.09 0.09 

Note: See Table 2. Source: See Data AppendIX. 
The dependent variables are natura1logarithm oftotal factor productivity derived from estimated production functions. 
The numbers in parentheses are t statistics. SEE is the standard error ofestimation. 
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exports plus imports to GDP since the latter performed better in this study. 37 We 

also include the ratio ofprimary exports to GDP since this variable has a significant 

effect on IFP in all previous regressions. The FREE variable has a significantly 

positive effect at the five-percent levels on IFP and IFPH, respectively (Table 11). 

This implies that countries that are free have 30 percent greater total factor 

productivity than countries that are not free. Sachs and Warner (1995) reach similar 

conclusions.38 

Now we turn to the interaction term betWeen the openness variable and the 

freedom dummy variable. The coefficient values of 0.04 and 0.07 are significant at 

the ten- and five-percent levels. This means that the openness effect on TFP in 

countries that are free is 0.04 percentage point higher than the openness effect in 

countries that are not free. So, the effect of the openness ratio differs between free 

and non-free countries. In a free country, openness has a greater effect on TFP. As 

for the partial openness variables, the primary exports to GDP ratio, confirming 

earlier robust results, are significant at the one-percent level in all equations. 

Exports to GDP has a statistically significant effect on IFP but becomes 

insignificant in the TFPH specification. 

37 Miller and Upadhyay (2000) also use exports to GDP ratio, which performed 
better than exports plus imports to GDP ratio. Levine and Renelt (1992) show that 
those two measures provide the same results in their analysis of the determinants of 
growth. 

38 In Sachs and Warner's study, they take a value of 1 for non-free or extreme 
unrest countries, and 0 for free countries. They report a negative coefficient, which 
is statistically significant at the 10-percent level. 

http:conclusions.38
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Finally, we note that the inclusion ofall interaction terms between openness 

and human capital and the dummy variable do not substantially effect the 

magnitudes, signs, and significance of the other variables in the regressions. 

Based on regression analysis, we may make some conclusions. First, there 

is strong evidence that the exports ofprimary product can hurt total factor 

productivity. Second, the effect ofopenness seems to have a more substantial 

benefit in open economies than that in closed economies. Also, finally, the 

regressions confirm the view that the status of freedom and property rights play an 

important role in determining a country's total factor productivity. 

5.5 The Determinants ofTotal Factor Productivity in Countries with Different 
Income Characteristics 

In this section we repeat our analysis separately for countries with different 

income characteristics, using the World Bank groups. Of48 observations, we have 

10,22 and 16 countries for low, middle and high-income economies, respectively. 

We replicate the same technique used in the calculation ofthe total factor 

productivity above for each income group. We then s~ze and discuss the 

results of each group. The full results are reported in the appendix. 
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5.5.1 Results ofthe Estimation ofTotal Factor Productivity in Low-Income 
Economies 

Appendix A.l summarizes the results of the relationship between total 

factor productivity, including and excluding human capital, and its determinants for 

the low-income group. 

The openness variable has a significantly positive effect at the ten-percent 

level. The coefficient of 0.2057 indicates that a hundred percent increase in the 

trade ratio will lead to a 20.57 percent increase in TFP. Moreover, with the newly 

defined openness variable (LNOPEN*LNY) in columns 2 and 4, we find that the 

interaction between GDP and the trade ratio has a significantly positive effect at the 

one-percent level. This finding tells us that the effect of openness differs with GDP. 

Higher GDP implies a greater effect of openness on TFP. 

The elasticity ofTFP with respect to the money supply variable in all 

specifications excluding and including human capital in the production function is 

positive and significantly different from zero at the one-percent and five-percent 

levels, respectively. The value of0.3020 for the ratio of money supply parameter 

suggests that a one hundred percent increase in money supply will lead to about a 

30 percent increase in TFP. For instance during the period 1960-1990, the money 

supply for low-income economies increased around 7 percent, which accounted for 

an estimated 2.1 percent increase in GDP growth. Thus, an increase in money 

supply benefits TFP and economic activities in low-income economies. This 

finding implies that a government may be able to boost growth in GDP and TFP by 

injecting money into its economic system. 
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Human capital shows no relationship with TFP and TFPH. This 

insignificant effect ofhuman capital may imply that the levels of education in the 

low-income countries are too low. However, the one possible channel by which 

human capital might affect total factor productivity for low-income economies is 

through the interaction with trade ratio. In columns 3,4, 7, and 8, we add the 

interaction term of human capital and openness as an explanatory variable in our 

TFP and TFPH specifications. The coefficients of the interaction term 

(LNOPEN*LNH) are positive at the twenty-percent and ten-percent level for the 

estimation excluding human capital, and at the ten-percent and five-percent level 

fo~ the estimation including human capital in production. Even though the low-

income country's TFP might not benefit directly from human capital, it may benefit 

from transferring modem technology and high-skilled labor from rich economies. 

Consistent with the overall findings in the estimation of total factor 

productivity, the elasticities of TFP and TFPH with respect to the terms of trade 

display positive if only weakly significant values. The black market premium 

variable has an insignificant effect on both TFP and TFPH. 

5.5.2 Results ofthe Estimation of Total Factor Productivity in Middle-Income 
Economies 

Appendix A.2 summarizes our tests of the relationship between total factor 

productivity and its determinants in middle-income economies. The trade ratio 

demonstrates a significantly positive effect at the one-percent level in all 
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specifications. A one hundred percent increase in trade ratio will increase TFP by 

20 percent in the specifications without the interaction term. This finding implies 

that for the middle-income group a high trade ratio strongly improves total factor 

productivity and benefits growth. One interesting factor for TFP in this group is the 

stock ofhuman capital. The elasticities ofTFP and TFPH with respect to human 

capital are significantly different from zero at the one-percent level (shown in 

columns 1,2,5, and 6). Thus, for middle-income economies, an improvement in 

human capital is associated with a higher TFP. 

Columns 3, 4, 7, and 8 in Appendix A.2 add the interaction term ofthe 

human capital and openness variables. The coefficients of the interaction term are 

all positive and significant at the ten- and five-percent levels for the TFP and 

TFPH, respectively. Clearly, the effect ofthe openness variable on TFP and TFPH 

remains significant and positive. In addition, a high degree ofopenness increases 

the effect ofhuman capital. That is, a high degree ofopenness encourages countries 

in the MIE group to be more competitive, creating the use ofmore productive· 

technology and high-skilled labor. 

The money supply variable has a positive effect on TFP at the twenty-

percent level and on TFPH at the five-percent level. As we can see, that increase in 

the money supply is associated with higher total factor productivity especially in 

the specification that includes human capital. Thus, as in the case of low-income 

countries, government may encourage growth by increasing the money supply. 

As for the low-income economies, similar results of the positive effect of 

the terms of trade on TFP are reported in the middle-income economies. All 
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coefficients on the terms of trade are significant at the one-percent level in the 

TFPH specification and at the five-percent significant level for the TFP 

specification. Finally, the black market premium variables show no significant 

relationship with TFP, although in the TFPH equation a higher black market 

premium is weakly associated with lower total factor productivity. 

5.5.3 Results ofthe Estimation ofTotal Factor Productivity in High-Income 
Economies 

High-income countries are defined as countries that have a level of GNP per 

capita of $8,3 56 or more. Most of the countries for high-income economy in this 

study are OECD countries, except Israel. Appendix A.3 reports results of the 

relationships of TFP and TFPH to their determinants. 

For high-income economies, only two variables display a connection with 

total factor productivity: human capital and the interaction term between the trade 

ratio and the human capital. Coefficients of the human capital variables are positive 

and significant at the 5- and ten- percent levels for the TFP equation and at the ten-

and twenty-percent level for the TFPH equation. Hence, the high level of human 

capital based on domestic R&D and technological development benefits total factor 

productivity. One interesting point for high-income economies is the negative and 

significant relationship between the interaction term (LNOPEN*LNH) and total 

factor productivity. 
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One explanation for the negative effect relates to the transfer ofhigh-skill 

labor and technology to other countries. According to Pack and Page (1994), 

OEDC countries are reluctant to transfer their technology. There is some statistical 

evidence and a growing subjective sense that technological transfer is decreasing as 

an option for closing income gaps. OECD countries have become wary ofhelping 

possible competitors. Particularly in R&D intensive sectors such as chemical, 

machinery, and electronics industries, firms are unwilling to license technology for 

fear of undermining their own long-term competitiveness. 

Relative self-sufficiency by most high-income countries may also help 

explain why the openness ratio has no effect on total factor productivity. The 

United States, for instance, strong domestic consumption, drives growth. So trade is 

a relatively small percentage of GDP. 

5.6 Summary 

The analysis in this chapter highlights some fundamental growth 

determinants. In the growth literature, economists tend to treat all countries 

similarly. However, our results suggest that total factor productivity in different 

income characteristics depend on different factors. We found that the contributions 

of openness and terms of trade appear to be favorable for low- and middle-income 

countries but irrelevant in high-income economies. The money supply in low- and 

middle-income economies seems to playa major role in higher total factor 
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productivity. Ofall variables, improvement in human capital is the only variable 

that consistently raises total factor productivity in bigh- and middle-income 

economic countries. Yet, there is no evidence supporting a similar effect ofhuman 

capital on total factor productivity in low-income countries. Overall, our finding 

support the view that most of the variables studied are closely associated with the 

growth and total factor productivity. We summarize and compare our results with 

other previous studies in the following chapter. 
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CHAPTER 6  

COMPARATIVE RESULTS AND CONCLUSION  

Since we follow the ideas ofprevious studies, mostly by Harrison (1996), 

Edwards (1992) and Miller and Upadhyay (2000), it worth comparing our results 

with their work. We focus particularly on the effect ofmeasures ofopenness on 

growth and total factor productivity. 

Employing both cross-sectional and panel estimation over a sample size 

ranging between 17-51 countries, Harrison (1996) used seven measures of 

openness, an annual index oftrade liberalization, an index of trade liberalization, 

the black market premium, the share of trade to GDP, movements toward 

international prices, a price distortion index, indirect bias against agriculture from 

industrial sector protection and overvaluation of the exchange rate. She found that 

the choice of regression for analysis is critical. With cross-section data, one out of 

the seven openness measures has a significant effect, and with panel regression on 

five-year average data, three of the seven measures are statistically significant. 

Edwards (1998) used nine measures of openness in the cross-country 

regression ranging over 32-87 countries. The measurements are the Sachs and 

Warner Openness Index, the World Development Report Outward Orientation 

Index, Leamer's Openness Index, the Average Black Market Premium, the Average 

Import Tariff on Manufacturing, the Average Coverage ofNon Tariff Barriers, the 

Heritage Foundation Index ofDistortions in International Trade, the Collected 



72 

Trade Taxes Ratio and Wolfs Index ofImport Distortions. He found that eight out 

ofnine have significant effects on TFP. Miller and Upadhyay (2000) studied the 

effect of-openness and human capital on growth and TFP using panel data for 83 

countries. They found that both benefit total factor productivity. 

In this paper, we use several kinds ofopenness measurements. We have, for 

the trade ratio, the imports plus exports to GDP ratio (OPEN), the export to GDP 

ratio (EXGDP), import to GDP ratio (IMGDP) and the agriculture export to GDP 

ratio (AEX). For macroeconomic variables, we use the terms of trade (TOT), black 

market premium on the exchange rate (BMP). For openness interaction variables, 

we use human capital (OPENH), the size ofGDP (OPENY) and the status of 

freedom (LNOPEN*FREE). Openness is a statistically significant determinant of 

growth and TFP in many specifications investigated in this paper, as it is iIi the 

literature. Our results suggest that OPEN, EXGDP, TOT, OPENYand 

LNOPEN*FREE have a significantly positive effect on growth and TFP. This 

indicating that more openness along with larger GDP size and more freedom 

benefit growth and TFP. However, the results indicate that the primary export 

(AEX) has a significantly negative effect on TFP. This means some countries do 

not benefit from greater openness ifonly they export goods in primary sectors. 

Therefore, the structure of trade also plays the important role in determining 

growth. 

In this paper, we study the effects of trade on growth and total factor 

productivity for a pooled cross-section, time-series sample on openness of 

developed and developing countries by using two methods. The first method is the 
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standard growth equation. We regress countries' growth rates on possible 

detenninants and discuss the results, especially the effect ofopenness. Next, we 

attempt to explain total factor productivity. First we estimate total factor 

productivity from a parsimonious specification ofaggregate production functions 

involving output per worker, capital per worker, and the labor force, both with and 

without human capital. We next search for the possible determinants of the total 

factor productivity. Finally, we use the same method to study the determinants of 

total factor productivity in different sub-sets ofour sample. 

In overall summary, inflation, the black market premium on foreign 

exchange, population growth, technological change and the terms oftrade and 

government spending show a significant relationship with growth. We find that 

human capital plays its part in production process but a relatively small effect of 

human capital on growth However, we find that a more open economy and 

improved human capital benefits total factor productivity. We find that greater 

freedom plan a rule in enhancing growth. We find different patterns of factors that 

affect on growth rate and total factor productivity in different groups of countries. 

An important challenge that lies ahead for research in this area is to obtain 

more reliable measures ofopenness incorporating trade policies so as to better 

investigate of the effect of outward orientation and its principal components on 

growth and productivity. In cross-country analysis, Edwards (1992) used many 

trade policies and openness indexes to study their effects on growth. He found that 

most of them have strong effects on growth and productivity. If we can expand 
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those openness measures such as trade distortion and tariff barriers to panel study 

data, we would gain further insights into these issues. 
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APPENDICES  



Appendix A. 1 
Estimates of Total Factor Productivity for Low-income Economies: 

Panel Regression 

Independent variable TFP TFPH 
I 2 3 4 5 6 7 8 

LNOPEN 0.20570** 0.38017··· 0.20974" 0.45634·** 
(1.94199) (2.30147) (1.71481) (2.42217) 

LNOPEN·LNY 0.01651***· 0.02906·..• 0.01704··· 0.03345···· 
(2.70701) (3.37066) (1.68485) (3.38251) 

LNTOT 0.09519· 0.09611·· 0.09150· 0.13368·" 0.10585· 0.10707· 0.10065* 0.09339* 
(1.66277) (1.75919) (1.61429) (2.47541) (1.60128) (1.68485) (l.S5680) (l.S3808) 

LNBMP .o.13295 .o.17742 ·0.12931 ·0.18055 ·0.14682 ·0.19379 ·0.14167 ·0.19789 
(·0.33066) (.o.45842) (.o.325 1 5) (·0.48391) (·0.31623) (·0.43048) (·0.31235) (·0.46235) 

LNMR 0.30201·..• 0.29470···· 0.30229···· 0.27748···· 0.23362··· 0.22656·" 0.23402··· 0.20406··· 
(3.31892) (3.42129) (3.35870) (3.32350) (2.22338) (2.26135) (2.27982) (2.13069) 

LNH 0.00067 0.00608 ·0.32612· ·0.41045·· 0.00950 0.01533 ·0.45238* .o.52919*·· 
(0.00992) (0.09310) . (·1.31226) (·1.87786) (0.12092) (0.20172) (·l.S9601) (·2.11069) 

LNOPEN*LNH 0.08912· 0.11307" 0.12597" 0.14782*·* 
(1.36611) (1.99026) (1.69293) (2.26823) 

TnvlEI -0.09526· -0.06732 ·0.09909* ·0.04609 0.28009···· 0.30874*·*· 0.27467**** 0.33649**** 
(-1.45683) (·1.07648) (-l.S3079) (.o.75291) (3.70956) (4.24436) (3.72026) (4.79102) 

TIME2 .o.1 0237·* .a.08810" ·0.11637·" .o.09065" ·0.32922·"* -0.31466*"· -0.34901**** ·0.31800..•• 
(·1.97754) (·1.78822) (·2.22864) (-1.90787) (·5.50747) (·5.49099) (-5.86031) (·5.83448) 

TIME3 -0.01571 .o.01296 .o.02576 -0.02203 ·0.17043***· ·0.16765**** -0.18464***· ·0.17951 ***" 
(-0.315S5) (·0.27110) (-0.51723) (·0.47579) (·2.96276) (·3.01474) (·3.24952) (.3.37881) 

TIME4 0.03110 0.02718 0.03868 0.03133 .o.00219 -0.00614 0.00852 -0.00071 
(0.62482) (0.56993) (0.78082) (0.68078) (·0.03821) (·0.11075) (0.1 5083) (.o.01355) 

TIMES 0.08765· 0.07299· 0.09914·· 0.07247· 0.13064"* 0.11567** 0.14688·" 0.11498··· 
(1.66186) (1.45108) (1.87619) (1.49423) (2.14493) (1.97679) (2.43706) (2.06673) 

TIME6 0.09458· 0.06820 0.09914·* 0.05498 0.09111 * 0.06404 0.10357· 0.04676 
(1.65441) (1.24663) (1.87619) (1.03428) (1.38008) (1.00649) (1.59553) (0.76691) 



Appendix A.I (Continued) 

Sununary statistics 
RSquared 0.381562 0.429039 0.394999 0.469331 0.627113 0.650706 0.644139 0.684262 
Observations 60 60 60 60 60 60 60 60 
SEE 0.14652 0.14078 0.14492 0.135726 0.169192 0.16375 0.16528 0.15568 

Note: The dependent variable is natural logarithm of total factor productivity derived from production functions  
Income group: By World Development Report 1994. Low-income economies have GNP per capita of$675 or less.  
The numbers in parentheses are t statistics. SEE is the standard error of estimation.  
TFP is the total factor productivity excluding the stock of human capital.  
TFPH is the total factor productivity including the stock ofhuman capital.  
LNOPEN is the natural logarithm of the average ratio of exports plus imports to real GDP.  
LNBMP is the natural logarithm of the average black market premium on foreign exchange.  
LNTOT is the natural logarithm of the terms of trade shock.  
LNMR. is the natural logarithm of an average money supply to GDP ratio.  
LNH is the natural logarithm of the measure of human capital.  
LNOPEN*LNH is the interaction term between openness and human capital.  
LNOPEN*LNY is measure of openness and size of GDP  

**** means significant at the I-percent level.  
*** means significant at the 5-percent level.  
* * means significant at the 10-percent level.  
* means significant at the 20-percent level. 



Appendix A.2 
Estimates of Total Factor Productivity for Middle-income Economies: 

Panel Regression 

Independent variable TFP TFPH 
1 2 3 4 5 6 7 8 

LNOPEN 0.19704**·* 0.21639···* 0.20445·..• 0.22575**** 
(2.85725) (3.14885) (2.89284) (3.21505) 

LNOPEN*LNY 0.01750**** 0.01779**** 0.01741**** 0.01772*"· 
(5.20056) (5.34722) (5.00097) (5.16367) 

LNTOT 0.1\752** 0.13152*** 0.12327*" 0.13368*** 0.19109**** 0.20309*·** 0.19742**** 0.20547**** 
(1.95554) (2.40528) (2.07764) (2.47541) (3.10275) (3.59136) (3.25653 ) (3.68808) 

LNBMP -0.22993 -0.30692 -0.24253 -0.30676 -0.42830· -0.49719** -0.44218* -0.49701 ** 
(-0.80844) (-1.17812) (-0.86456) (-1.19252) (-1.46942) (-1.84532) (.1.S4263) (.1.87281) 

LNMR 0.07246* 0.06845* 0.12261··· 0.11 1\9*** 0.12322*** 0.1\837*** 0.17842**** 0.16549"** 
(1.29127) (1.33088) (2.00976) (1.99869) (2.14251) (2.22530) (2.86223) (2.88336) 

LNH 0.19494·*" 0.15771 .... -0:20786 -0.19611 0.20953*"* 0.17366"" -0.23386 -0.21639 
(3.53091) (3.05317) (-0.97419) . (-1.00672) (3.70311) (3.25072) (.\.07267) (-1.07673) 

LNOPEN*LNH 0.10471" 0.09231 *. 0.11526··* 0.10176*" 
(\.95245) (1.88199) (2.10336) (2.01101) 

TIMEI -0.07411·· -0.03357 -0.06746·· -0.02875 0.26076*·** 0.30003*·" 0.26808**** 0.30534**·· 
(·\.80269) (-0.85797) (.1.65836) (-0.74274) (6.18912) (7.41463) (6.44914) (7.64413) 

TIME2 -0.03\07 -0.01\23 -0.02103 -0.00242 -0.16410···· -0.14460**** -0.15305···· -0.13489·..• 
(-0.96167) (-0.37284) (.0.65176) (-0.08066) (-4.95483) (-4.63901) (-4.64037) (.4.34022) 

TIME3 0.06263"· 0.07211 **.* 0.06780**· 0.07581**" -0.02085 -0.01204 -0.01516 -0.00796 
(2.3668) (2.95678) (2.58503) (3.13772) (-0.76915) (-0.47763) (-0.56599) (.0.31966) 

Tn...IE4 0.07229··.. 0.06797"** 0.07342**** 0.06833*"* 0.02023 0.01560 0.02148 0.01599 
(2.6435 I) (2.70941) (2.72221) (2.75843) (0.72214) (0.60125) (0.77964) (0.62594) 

TIMES -0.00299 -0.02314 -0.00804 -0.02716 -0.0174 -0.03705 -0.0230 -0.04148· 
(-0.09709) (-0.80185) (.0.26346) (-0.95029) (.0.55265) (·\,24109) (-0.73824) (-1.40662) 

TIME6 -0.02673 -0.07213** -0.04466 -0.0858*** -0.07855** -0.12193 **** -0.09829*** -0.13699..•• 
(-0.68712) (.1.93655) (-1.13236) (-2.28860) (-1.97021) (-3.16523) (-2.43875) (.3.54215) 

00 



Appendix A.2 (Continued) 

Sununary statistics 
R Squared 0.617638 0.674917 0.628199 0.683055 0.591461 0.646284 0.605119 0.656836 
Observations 132 132 132 132 132 132 132 132 
SEE 0.11516 0.10618 0.113562 0.10485 0.11802 0.10982 0.11603 0.10816 

Note: The dependent variable is natural logarithm of total factor productivity derived from production functions. 
Income group: By World Development Report 1994. High-income economies have GNP per capita between $676 and $8,355. 
The numbers in parentheses are t statistics. SEE is the standard error of estimation.  
TFP is the total factor productivity excluding the stock ofhuman capital.  
TFPH is the total factor productivity including the stock ofhuman capital.  
LNOPEN is the natural logarithm of the average ratio of exports plus imports to real GDP.  
LNBMP is the natural logarithm of the average black market premium on foreign exchange.  
LNTOT is the natural logarithm of the terms of trade shock.  
LNMR is the natural logarithm of an average money supply to GDP ratio.  
LNH is the natural logarithm of the measure ofhuman capital.  
LNOPEN*LNH is the interaction term between openness and human capital.  
LNOPEN*LNY is measure of openness and size of GDP  

**** means significant at the I-percent level.  
*** means significant at the 5-percent level.  
* * means significant at the 10-percent level.  
* means significant at the 20-percent level. 

N 
00 



Appendix A.3 
Estimates of Total Factor Productivity for High-income Economies: 

Panel Regression 

Independent variable TFP TFPH 
1 2 3 4 5 6 7 8 

LNOPEN -0.08113 -0.12366 -0.20709 -0.24710* 
(-0.60274) (-0.91941) (-1.23942) (-1.46508) 

LNOPEN*LNY 0.00404 0.00242 -0.00174 -0.00322 
(0.59908) ( 0.35883) (-0.20651) (-0.37748) 

LNTOT 0.061512 0.06647 -0.13136 -0.10504 0.00266 0.00223 -0.17878 -0.15409 
(0.14204) (0.15347) (-0.29911) (-0.23785) (0.00495) (0.00411) (-0.32465) (-0.27567) 

LNBMP -0.82095* -0.99026** -0.72033 -0.92254* -0.52011 -0.75422 -0.42545 -0.69250 
(-1.43164) (-1.77305) (-1.27063) (-1.66526) (-0.73070) (-1.07637) (-0.59848) (-0.98766) 

LNMR 0.017803 0.00968 0.01759 0.00923 0.01541 0.00673 0.01522 0.00632 
(0.37715) (0.20521) ( 0.37895) (0.19781) (0.26316) (0.11372) (0.26148) (0.10701) 

LNH 0.08348*** 0.07480** 0.41206*** 0.36405** 0.08940** 0.07968* 0.39852** 0.34331 * 
(2.12118) (1.90543) (2.22162) (1.96296) (1.83003) (1.61775) (1.71345) (1.46259) 

LNOPEN*LNH -0.08798** -0.07755* -0.08276' -0.07069 
(-1.81144) (-1.S9495) (-1.35900) (-1.14857) 

TIME 1 -0.20981 **** ·0.16459'*** -0.23102**** -0.18478**** 0.00887 0.04688 -0.01108 0.02848 
(-4.80283) (-3.13345) (-5.18608) (-3.45580) (0.16369) (0.71136) (-0.19837) (0.42088) 

TIME2 -0.07242*** -0.05324* -0.09553* -0.07455'* -0.12377**** -0.10873*" -0.14552'*** -0.12816'**' 
(-2.20740) (-1.49523) (-2.75238) (-1.97940) (-3.03928) (-2.43393) (-3.34334) (-2.68836) 

TIME3 0.01355 0.01825 0.00725 0.01271 -0.03563* -0.03109 -0.04155' ·0.03614 
(0.01355) (0.82569) (0.33047) (0.57429) (-1.3035) (-1.12073) (-1.51042) (-1.28961) 

TIME4 0.04749*" 0.04186** 0.04816*** 0.04305** 0.00045 -0.00283 0.00108 -0.00174 
(2.13859) (1.83305) (2.20389) (1.90513) (0.01653) (-0.09890) (0.03955) (-0.06113) 

TIMES 0.06653*** 0.04442* 0.08546*** 0.06184** 0.04120 0.02263 0.05901' 0.03851 
(2.14007) (1.29845) (2.64404) (1.73937) (1.06765) (0.52738) (1.45591 ) (0.85587) 

TIME6 0.15465·..• 0.11328'" 0.18568**** 0.14171'*** 0.10887'** 0.07314 0.13806*-- 0.09905' 
(3.80410) (2.36700) (4.26737) (2.80188) (2.15746) (1.21811) (2.53037) (1.54738) 

w 00 



Appendix A.3 (Continued) 

Summary statistics 
R Squared 0.744206 0.744190 0.752392 0.749788 0.33729 0.322954 0.345325 0.326072 
Observations 96 96 96 96 96 96 96 96 
SEE 0.0844502 0.084452 0.08308 0.083523 0.10482 0.10595 0.10418 0.10571 

Note: The dependent variable is natural logarithm of total factor productivity derived from production functions  
Income group: By World Development Report 1994. High-income economies have GNP per capita of$8,356 or more.  
The numbers in parentheses are t statistics. SEE is the standard error of estimation.  
TFP is the total factor productivity excluding the stock of human capital.  
TFPH is the total factor productivity including the stock of human capital.  
LNOPEN is the natural logarithm of the average ratio ofexports plus imports to real GDP.  
LNBMP is the natural logarithm of the average black market premium on foreign exchange.  
LNTOT is the natural logarithm of the terms of trade shock.  
LNMR is the natural logarithm ofan average money supply to GDP ratio.  
LNH is the natural logarithm of the measure of human capital.  
LNOPEN*LNH is the interaction term between openness and human capital.  
LNOPEN*LNY is measure of openness and size of GDP  

* * * * means significant at the I-percent level.  
*** means significant at the 5-percent level.  
* * means significant at the to-percent level.  
* means significant at the 20-percent level. 
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Appendix B.l Country List 

Number COUDtIy Name COUDtIy Code 
1 ARGENTINA ARG 
2 AUSTRALIA AUS 
3 AUSTRIA AUT 
4 BOLIVIA BOL 

BRAZIL BRA 
6 CANADA CAN 
7 CENTRAL AFR.R. CENAF 
8 CIDLE CHI.. 
9 COLOMBIA COL 

COSTA RICA CRI 
11 DENMARK DNK 
12 ECUADOR ECU 
13 ELSALVADOR ELSLV 
14 FINLAND FIN 

FRANCE FRA 
16 GERMANY, WEST GERMANY 
17 GHANA GHA 
18 GREECE GRC 
19 GUATEMALA GTM 

HONDURAS HND 
21 INDIA IND 
22 INDONESIA INDO 
23 ISRAEL ISR 
24 ITALY ITA 

JAMAICA JAM 
26 JAPAN JPN 
27 KENYA KEN 
28 KOREA, REP. KOR 
29 MALAYSIA MALAYS 

MEXICO MEX 
31 NETHERLANDS NLD 
32 NORWAY NOR 
33 PAKISTAN PAK 
34 PARAGUAY PARAY 

PERU PER 
36 PIDLIPPINES PHIL 
37 PORTUGAL PORT 
38 RWANDA RWA 
39 SPAIN SPAIN 

SRI LANKA SRILKA 
41 SWEDEN SWE 
42 THAILAND THA 
43 TUNISIA TUN 
44 TURKEY TUR 

UK u.K. 
46 U.S.A. U.S.A 
47 URUGUAY URY 
48 ZIMBABWE 2MB 
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Appendix B.2 Rank Total Factor Productivity 

RankTFP Country Value ofTFP RankTFPH Country Value ofTFPH 
1 US.A 10.23059 1 US.A 10.34461 
2 NLD 10.12348 2 CAN 10.20025 
3 CAN 10.08851 3 NLD 10.15284 
4 GERMANY 10.07663 4 ADS 10.14722 

ADS 10.05358 SWE 10.07272 
6 FRA 10.04629 6 FRA 10.03950 
7 NOR 9.99101 7 GERMANY 10.03353 
8 SWE 9.97355 8 NOR 10.00445 
9 ITA 9.94061 9 ITA 9.96247 

DNK 9.89176 DNK 9.93656 
11 FIN 9.89102 11 UK. 9.90771 
12 D.K. 9.86897 12 AUT 9.87205 
13 SPAIN 9.83184 13 FIN 9.83797 
14 AUT 9.82256 14 SPAIN 9.79865 

ISR 9.73588 ISR 9.78910 
16 MEX 9.62696 16 MEX 9.60154 
17 ARG 9.58265 17 ARG 9.58852 
18 GRC 9.40687 18 JPN 9.46154 
19 JPN 9.38692 19 GRC 9.39989 

DRY 9.24518 DRY 9.28105 
21 CHL 9.22747 21 CHL 9.26444 
22 PORT 9.22301 22 PORT 9.16044 
23 CRl 9.16109 23 CRl 9.13654 
24 BRA 9.11573 24 BRA 9.08995 

PER 9.06566 PER 9.07804 
26 COL 8.99015 26 COL 8.98249 
27 GTM 8.98452 27 ECD 8.92806 
28 ECD 8.94876 28 MALAYS 8.92063 
29 MALAYS 8.91800 29 GTM 8.87392 

TUN 8.86590 TUN 8.79579 
31 TUR 8.72840 31 KOR 8.74587 
32 ELSLV 8.70453 32 TUR 8.64912 
33 KOR 8.69103 33 JAM 8.64838 
34 JAM 8.67001 34 ELSLV 8.63505 

PARAY 8.57814 PARAY 8.55382 
36 BOL 8.50838 36 BOL 8.54631 
37 HND 8.47122 37 HND 8.36905 
38 PHIL 8.33666 38 PHIL 8.33741 
39 SRlLKA 8.28064 39 SRlLKA 8.32011 

THA 8.24691 THA 8.16778 
41 PAK 8.16945 41 PAK 8.12461 
42 2MB 7.98050 42 2MB 7.90187 
43 INDO 7.96649 43 INDO 7.88567 
44 IND 7.77530 44 GHA 7.72504 

GHA 7.70417 IND 7.69202 
46 KEN 7.59254 46 KEN 7.48670 
47 CENAF 7.28111 47 CENAF 7.13619 
48 RWA 7.27001 48 RWA 7.10091 
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Appendix B.2 (Continued) 

Note: The countires are ranked based on the logarithm of total factor productivity 
calculated from the production specifications that exclude (1FP) and include 
(1FPH) measure of human capital. 
The actual values of the logarithm of total factor productivity provide follow each 
individual country. 
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Appendix B.3: Data Appendi."'{ 

The panel data set in this paper contains a sample of48 cOWlties over the 

1961 to 1990 period. Observations are averaged over five-year sub-periods: 1961-

1965, 1966-1970, 1971-1975, 1976-1980, 1981-1985, and 1986-1990. Therefore, 

the panel contains 288 observations (48 cOWlties and 6 time periods). Table A 

provides a list ofcOWlties in this study. Column 2 and 3 in table A show cOWltry 

ranks by the level oftotal factor productivity estimates for production functions 

excluding and including the stock ofhuman capital. 

Data Sources 

Most of the data set for this study was kindly provided by M. Upadhyay 

(2000). Original sources for these and other variables are given below. 

GDP Growth per Capita 

Data on the level ofthe growth rate ofper capita real GDP come from the 

World Bank. 

Investment 

We us real investment share ofGDP from the PWT5.6 and the IMF's 

International Financial Statistic (various issues). 
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Government Consumption 

Our data is limited to the share ofgovernment consumption to GDP. This 

variable nets out government investment and transfers. The data come from the 

TMF'sInternational Financial Statistic (various issues). 

Openness 

We use the ratio of export plus imports to GDP from the PWTS.6 and the 

TMF's International Financial Statistic (various issues) 

Exports and Imports 

We also use the ratio ofexports to GDP and the ratio of imports to GDP as 

our measures of trade liberalization. The data for these two variables come from 

Cornell University database or the Internet site, 

http://usda.mannlib.comell.eduldata-setslinternationaI/89024/. 

Exports ofPrimary Products 

We also use the agriculture exports to GDP ratio, which is a good proxy of 

the exports of primary product to GDP ratio. The data for these two variables come 

from Cornell University database or the Internet site, 

http://usda.mannlib.comell.eduldata-sets/internationaIl89024I. 

http://usda.mannlib.comell.eduldata-sets/internationaIl89024I
http://usda.mannlib.comell.eduldata-setslinternationaI/89024
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Human Capital 

We employ the average educational attainment (years of secondary 

schooling) for the adult population (15 years of age or older). It is available from 

the World Bank. 

Terms ofTrade 

We use the ratio ofexport to import prices( average value). Terms oftrade 

indices based on average value indices reflect changes in composition and changes 

in price. TOT is available from the World Bank World Tables (various issues) and 

UNCTAD, Handbook ofInternational Trade and Development. 

fuflation 

The main source for on inflation is the database for Fischer's World Bank 

growth project contained in the World Bank Growth Database. fuflation rates are 

annual percentage changes in the consumer price index. We added the data for 

1960 and 1980 :from the International Financial Statistics (various issues). 

Money Supply 

This Money Supply variable, MR., is [m2 /(end ofyear CPI)]/ 

[GDP/(average year CPI)], which come from the IMF's International Financial 

Statistic (various issues) and World Bank database. 
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Black Market Premium on Foreign Exchange 

A black market premium on foreign exchange is the percentage difference 

between the market exchange rate and the official exchange rate. The source of this 

variable is Picks Currency Yearbook (various issues) and the World Bank. 

Population Growth 

The average population growth rate data, POP, comes from World Bank. 

Real GDP per Worker 

In this study, the data for real GDP per worker come from the PWTS.6. 

The Stock ofPhysical Capital 

Most data on the stock ofphysical capital comes from the PWT5.6. 

However, there are some countries that data are unavailable, We follow Miller and 

Upadhyay (2000) method to estimates the stock of capital using the steady-state 

method to estimate missing values. 

Agriculture Exports 

We use the ratio of agriculture exports to GDP as the measure ofprimary 

exports to GDP. The source ofthis variable comes from Cornell University 

database or Internet site, http://usda.mannlib.comell.eduldata-

sets/intemationa1l89024/. 

http://usda.mannlib.comell.eduldata
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Status ofFreedom 

The status of freedom is a dummy variable (equal to one if a COWltry is free 

and equal to zero if a COWltry is partly free or non-free), from Freedom a/the 

World (various issues). 




