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Abstract  

This thesis is a collection of three empirical studies which investigate the income effects 

of trade, the transmission mechanism of trade effects, and the income effects of exchange rate 

depreciation.    

  Since the seminal paper of Frankel and Romer (1999), ‘Does trade cause growth?’, there 

has been much controversy over the income effects of aggregate trade openness and the 

sensitivity of the income elasticity of trade to confounding factors, model specification, and 

identification strategy. Chapter 2, using bilateral trade data from 1996-2015 for a sample of 

224 countries, shows that the income effects of international trade differ widely across 

categories of traded goods, essentially because of the hierarchical structure of learning by doing 

and thus, estimates using aggregate trade openness are unlikely to reveal the growth effects of 

trade because of the heterogeneity of goods. The study finds positive income effects in high-

tech products to be approximately three times the effect of overall trade. We also find that trade 

in low-tech manufactured goods and agricultural products have negative income effects of -

0.72 and -0.47, respectively. Thus, the results strongly support our argument that total trade 

openness is unlikely to reveal the true growth effects of trade. In order to harness the gains of 

international trade, the study highlights the necessity to climb on the hierarchy of structure of 

learning by doing.  

If an economy has to benefit from international trade, the positive effects of trade openness 

should be passed through human capital and innovation because, as agreed by most growth 

economists, human capital act as the most decisive factor in determining if a country is rich or 

poor, followed by the country’s innovation capacity. In the third chapter, the transmission 

mechanism of trade effects is examined at the product category level using bilateral trade data 

from 1996-2015 for a sample of 224 countries. The study finds that only trade in high-tech 

goods can enhance human capital through gross school enrolments and innovation through 

patent intensity. The study also finds that trade in low-tech goods and agricultural products 

destruct the accumulation of human capital and innovation/patents intensity of an economy. 

Hence, the results suggest that only the economies which specialize in high-tech goods can 

gain long-term growth effects from trade.  The findings of this study shed light on policies with 

regard to public education, institutional quality enhancement, and intellectual property 

protections. It also provides insights, especially for developing economies on the formulation 

of their trade policy and to modify the export basket to gain long-term economic benefits from 

international trade.     



 

iii 

 

The exchange rate-related literature in past decades highlights the importance of 

exchange rate policies in open economies in conjunction with fiscal and monetary policies. The 

fourth chapter examines the output effects of exchange rate depreciations vis-à-vis main 

competitors of small-open economies, employing annual data for a representative sample of 

nine countries in Asia. To achieve this, a new Real Effective Exchange Rate index (REER) is 

constructed for each economy in the sample for the period 1960 to 2017. To address the 

endogeneity of the exchange rate, new instrumental variables are used in the study and finds a 

strong positive output effect of real exchange rate depreciation. A 10% depreciation in the 

REER against main competitors leads to an increase of 5.25% of output per capita. 

Furthermore, transmission channels of real exchange rates to output, such as innovation 

intensity, investment in physical capital, and education are examined. The findings suggest that 

innovation intensity and investment in physical capital are highly sensitive to a real 

depreciation in the exchange rate. This implies that the depreciation of the exchange rate 

encourages innovators to apply for new patent registrations and invest in R&D due to the 

upsurge in export potential subsequent to currency depreciation and investment in physical 

capital. The positive relationship between the real depreciation and output per capita is robust 

to using different real exchange rate measures; however, it is evidenced that the real 

depreciation against close competitors enhances output more than depreciating against main 

trading partners. 
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CHAPTER 1: Introduction 

1.1 Background 

This thesis offers three studies that employ theoretical and empirical analyses to explore the 

effects of international trade and exchange rate depreciation on output. Following the 

influential question ‘Does trade cause growth?’ raised by Frankel and Romer (1999), many 

studies are found to be focused on finding income effects of trade, yet it has been difficult to 

establish a significantly positive relationship between trade and income (Rodriguez and Rodrik, 

2000; Ortega and Peri, 2014; Deij et al., 2021). We argue that the aggregate trade tends to 

average out conflicting income effects of different types of goods. Hence, the first paper 

investigates the income effects of traded goods at different levels of sophistication to show that 

income effects differ widely across categories of goods mainly because of the hierarchical 

structure of learning by doing. This study shows that countries which specialize in producing 

high-tech products gain from foreign trade, while the countries that specialize in producing 

less-sophisticated products tend to lose from trade due to the poor learning by doing prospects 

of low-tech manufacturing.   

For an economy to be truly benefitted from international trade, the positive effects of 

trade should be passed through human capital and innovation, because the consensus among 

most growth economists is that human capital acts as the most decisive factor in determining 

whether a country is rich or poor, followed by the country’s innovation capacity. Hence, the 

second paper examines the transmission mechanism, especially at the product category level, 

to answer the question of how trade-in products at different levels of sophistication can bring 

different effects on income. By investigating the three main factors of production – namely, 

physical capital, human capital, and innovation in this regard – the study finds that only high-

tech trade is influential in promoting all three factors of production – especially human capital 

and patent intensity – whilst trade in low-tech manufacturing and agriculture products 

discourage school enrolment and innovation, with no contribution toward the accumulation of 

physical capital.  

Exchange rate-related literature in past decades highlights the importance of exchange 

rate policies in open economies in conjunction with fiscal and monetary policies (Guzman et 

al., 2018). The traditional view of exchange rate and growth theory suggests that 

devaluations/currency depreciations increase real output and economic growth (Meade, 1955; 

Gylfason and Schmid, 1983; Missio et al., 2015; Kyophilavong et al., 2019), while the 
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alternative view of devaluation has shown that the traditional view is valid only for developed 

and industrial economies in which the trade flows are relatively sensitive to changes in the 

exchange rate (Krugman and Taylor, 1978; Khan and Knight, 1981; Edwards, 1985). Hence, 

the third paper investigates the income effects of exchange rate devaluation using a newly 

constructed real effective exchange rate index based on competitor weights, and additionally 

looks at the transmission mechanism of exchange rate effects on income. Overall, the results 

of this study confirm the expansionary effect of the depreciation of the exchange rate. 

 

1.2 Organisation of the Thesis 

This thesis consists of five chapters: Chapter 1: Introduction; Chapter 2: Trade and Economic 

Growth: Does the Sophistication of Traded Goods Matter?; Chapter 3: Transmission of Trade 

Effects to Output: Differential Effects of High Sophistication to Low Sophistication of Traded 

Goods; Chapter 4: Output Effects of Currency Depreciation: Evidence from Small Open 

Economies in Asia; and Chapter 5: Conclusions and Policy Implications. The background, data, 

methodology, empirical results, and conclusions of three core chapters, in summary, are given 

below.   

Chapter 2: Trade and Economic Growth: Does the Sophistication of Traded Goods Matter? 

This chapter has received R&R from the Journal of Economic Growth and is currently under 

revision to incorporate the reviewer’s comments for re-submission. The findings of this study 

are also presented at the ACE 2021 (Australian Conference of Economists).  

The gains from specialization, scale effects, and knowledge-diffusion have been stressed 

in the literature for the income effects of trade (Buera and Oberfield, 2020). This chapter is 

motivated by the fact that some countries, however, might not benefit from trade – particularly 

the countries that specialize in agricultural and low-tech products with slow productivity 

advances. Therefore, this chapter empirically estimates the income effects of trade at the 

product category level, by regressing per capita income on instrumented trade openness of 

goods of different levels of sophistication.  

By employing bilateral annual trade data from 1996 to 2015 from the COMTRADE 

database1 for 224 countries, the study estimates a dynamic version of the static Frankel-Romer 

 
1 The sub-categorisation of manufacturing goods follows the ISIC Revision 3 Technology Intensity Definition (OECD, 

2003), while the agricultural, hunting and forestry (AG); and mining and quarrying (MQ) are defined based on the ISIC 

Revision 3.1 of United Nations, UN (2008) International Standard Industrial Classification of all Economic Activities (ISIC). 

United Nations Publications. 
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IV strategy (Frankel and Romer, 1999), in which bilateral trade predicted from the gravity 

model is used to form an instrument for trade openness. The results suggest that trade in 

sophisticated goods promotes growth, whereas trade in unsophisticated goods – with the 

exception of mining products – reduces income. The study also suggests that specialization is 

not the only factor explaining differences in income effects, but that population pressure and 

crowding-out effects are also possibly driving this outcome, due to the fact that the negative 

income-effects of trade in low-tech manufactures and agricultural products are significantly 

larger for imports than they are for exports. The income effect of a 1 percentage point increase 

in high-tech products is 7.6 times larger than increasing total trade openness by 1 percentage 

point. Thus, for a country that trades only high-tech goods, a 100% increase in high-tech trade 

openness is associated with a 550% increase in per capita income (calculated as the coefficient 

of high-tech trade ÷ mean value of high-tech trade openness 𝑥 100= 0.83÷0.15 𝑥 100). This 

study further analyses the effects of trade openness conditional on the share of each product 

category in total trade, and finds that if the trade in high-tech goods is lowered by one 

percentage point from the current share to increase the share of low-tech (agricultural) goods 

in total trade by one point, then per capita income is reduced by 2.0% (9.6%). 

 

Chapter 3: Transmission of Trade Effects to Output: Differential Effects of High 

Sophistication to Low Sophistication of Traded Goods. 

Products at different levels of sophistication deliver diverse effects on income, as the 

transmission mechanism will be different depending on the type of the product. Hence, this 

study is motivated to examine how trade effects are transmitted to income through physical 

capital, human capital, and technological know-how to understand which type of traded goods 

are capable of generating long-run growth effects via promoting human capital and 

technological know-how.  

Using data for 224 countries for the period of 1996-2015 and employing the Frankel and 

Romer (1999) estimation strategy for instrumenting trade openness of products at different 

technology levels, as well as the Augmented Solow-growth model pioneered by Mankiw et al. 

(1992) and Nonneman and Vanhoudt (1996), the study finds that the export and import of 

technologically sophisticated products (THT) can positively influence (1) gross enrolment, 

which adds to the stock of human capital, and (2) idea generation: patents intensity, which are 

considered the key and enduring sources of long-term economic growth, while import of high-

tech products is the only influencer that can promote physical capital accumulation. The study 
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finds that 10 per cent increase in imports of high-tech products can increase 6.21 per cent of 

real investment in physical capital. With regard to gross school enrolments, a 10 per cent 

increase in high-tech exports is capable of increasing gross enrolment by 4.12 per cent, while 

the effect of increasing high-tech exports on patents intensity is 3.87 per cent per 10 per cent 

rise.    

On the other hand, the export and import of low-tech (TLT) and agriculture products 

(AG) have negative effects on gross enrolment and patents intensity. By segregating economies 

based on the income level, the study further suggests that positive effects of high-tech exports 

are transmitted to growth through innovation and human capital only in high-income 

economies. Paradoxically, for low-income economies, the effects are insignificant even though 

they exhibit correct directions. This means that other impediments for innovation and human 

capital development in low-income economies could block the avenues for development 

through moving towards trade in technologically advanced products.  

 

Chapter 4: Output Effects of Currency Depreciation: Evidence from Small Open Economies 

in Asia 

Small open economies often hold a higher level of foreign currency-denominated debt. 

Hence, exchange rate devaluations/depreciations have large effects on their debt exposure 

(Krugman, 1999 and Aghion et al., 2001, among others). Due to the higher external debt 

exposure, the central banks of such economies typically face increasing pressure from the 

government to limit currency depreciation. This is done to avoid higher external debt service 

payments and the possible unpopularity of the government due to higher external debts 

outstanding in domestic currency terms. Hence, Central Banks of small open economies 

apparently deal with this by avoiding sharp depreciations through interventions in the foreign 

exchange market. On the other hand, due to commitments under external sector assistance 

programs of international organizations like the International Monetary Fund (IMF), central 

banks are compelled to allow the currency to depreciate by limiting interventions. This study 

is motivated by this background to explore an answer for the dilemma faced by a central bank 

in a small open economy holding external debt by testing the hypothesis that exchange rate 

depreciation is expansionary for such economies.  

For the empirical analysis of this study, I employ annual macroeconomic data from 1960 

to 2017 for nine economies in Asia at different stages of economic development with 

diversified export baskets, along with a newly compiled real effective exchange rate measure 
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which reflects the level of competitiveness of a country in respect to its close competitors. The 

study uses the Augmented Solow-growth model by Mankiw et al. (1992) and Nonneman and 

Vanhoudt (1996) for the baseline analysis, and then follows Madsen and Ang (2016) for the 

simulation analysis in finding the indirect impact of exchange rate depreciation on output. My 

study finds that real depreciation has expansionary effects on the output of small open 

economies. This indicates that depreciation in the exchange rate results in switching demand 

away from imported goods to domestically-produced goods. Additionally, depreciation may 

have allocative effects, which shift resources away from the non-traded goods sector toward 

the traded goods sector, resulting in an improvement in the current account (Lane and Stracca, 

2018). The examination of the channels of exchange rate transmission confirms that 

investments in physical capital and patents intensity are more sensitive to exchange rate 

depreciation than to school enrolments. This indicates that depreciation of the exchange rate 

encourages innovators to invest more in physical capital and to apply for new patents 

registrations and invest in R&D, due to the upsurge in export potentials subsequent to currency 

depreciation.  

 

1.3 Contribution of the Thesis 

Chapter 2: Trade and Economic Growth: Does the Sophistication of Traded Goods Matter?   

This chapter contributes substantially to the literature by being the first study that 

attempts to examine the income effects of trade in goods at different levels of 

technology/sophistication with a world sample. The results obtained from this study firmly 

conclude that the income effects of trade openness cannot easily be inferred from aggregated 

trade data, as is mostly done in the literature. Because the growth effects of trade are likely to 

depend on the sophistication of the traded goods, aggregate data may neutralise conflicting 

productivity effects of trade in products at different levels of sophistication. In addition, this 

paper addresses several key issues which are highlighted in trade-growth literature, such as (1) 

dealing with endogeneity using a well-developed identification strategy extended with both sea 

and air distance and country effects/pair effects and time effects, and (2) out-of-sample 

prediction instead of in-sample prediction – potentially, more serious violation of the exclusion 

restriction occurs if only observed bilateral trade relationships are used to form the trade 

instrument. Hence, we use all potential trading partners in constructing an estimation for trade 

(see Deij et al., 2021). The outcomes of this study shed light on further research, such as 
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transmission mechanism of trade effects, welfare effects of trade, and fertility-education trade-

off, among others.  

 

Chapter 3: Transmission of Trade Effects to Output: Differential Effects of High Sophistication 

to Low Sophistication of Traded Goods 

Chapter 3, which is motivated by the second chapter, contributes to the literature along two 

dimensions. For one, this is the first study that extensively examines the transmission 

mechanism; especially the trade at the product category level. Secondly, this is the first study 

that attempts to understand the transmission through both exports and imports while also 

differentiating the transmission between high-income and low-income countries. 

Understanding the transmission channel/s for trade in products at different technological levels 

will provide important insights for the formulation of policies on tariff and non-tariff barriers. 

They also shed light on policies with regard to public education, institutional quality 

enhancement, and intellectual property protections. This study also provides insights, 

especially for developing economies, on the formulation of their trade policies and modifying 

the export basket to gain long-term economic benefits from international trade.   

 

Chapter 4: Output Effects of Currency Depreciation: Evidence from Small Open Economies in 

Asia 

The contribution of Chapter 4 is three-fold. Following scrutiny of competitor structure and 

trade flows, this study constructs competitor-weighted nominal effective exchange rate 

(NEER) indices and then real effective exchange rate (REER) indices for each country in the 

sample covering the period 1960-2017. Secondly, this study examines the transmission 

mechanism of changes in REER to output per capita through factors of production which are 

not yet done for the economies in the sample. Third, this study attempts to address the 

endogeneity effect of exchange rate on growth by employing new external instruments for the 

exchange rate, as the growth literature is rife with debates on the validity of the exchange rate 

driven impact on growth and output (see Razin and Collins, 1997; Devereux et al., 2004; and 

Rincon and Rodríguez-Niño, 2018, among others).  
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CHAPTER 2: Trade and Economic Growth: Does the 

Sophistication of Traded Goods Matter?   

 

2.1  Introduction 

A recurring debate in international economics is whether trade causes growth. While most 

economic theories point towards positive income effects of trade, the empirical evidence has 

been mixed and often plagued by endogeneity. To deal with causality, Frankel and Romer (1999) 

suggest an identification strategy in which the instruments are created from the gravity equation 

based on geographic characteristics. However, the results based on the Frankel-Romer 

identification strategy still remain mixed and sensitive to the inclusion of confounding factors 

(for example, Rodríguez and Rodrik, 2000; Irwin and Terviö, 2002; Ortega and Peri, 2014). 

Furthermore, the exclusion restriction is often violated in the empirical studies because 

unobserved or zero bilateral trade relationships are omitted from the trade openness instrument 

(Deij et al., 2021). 

 This research argues that the income effects of trade openness cannot easily be inferred 

from aggregated trade data as is mostly done in the literature, because the growth effects of trade 

are likely to depend on the sophistication of the traded goods and, therefore, aggregate data may 

neutralize conflicting productivity effects of trade in products of different levels of 

sophistication. Following the literature on the hierarchical structure of learning by doing, as 

surveyed in the next section, we hypothesise that trade in high-tech goods have positive income 

effects, while trade in unsophisticated goods may be potentially detrimental for productivity. 

Exported and imported high-tech products, which, by definition, embody a large R&D 

component, are likely to enhance the home country’s productivity because they promote R&D 

and production efficiency through scale effects, technology diffusion and imports of high-tech 

intermediate goods (Rivera-Batiz and Romer, 1991; Grossman and Helpman, 1991; Coe and 

Helpman, 1995; Madsen, 2007; Buera and Oberfield, 2020). Specializing in production of 

unsophisticated products with low learning by doing effects and with low income elasticities, by 

contrast, entrenches countries in low-growth traps (Young, 1991) and discourages human capital 

investment (Galor and Mountford, 2008). Williamson (2011) finds that during the 1850-1913 

globalization wave the rich industrial core benefitted from scale economies derived from trade, 

while the specialization in commodity exports lead to deindustrialization, rent seeking, and 

excessive commodity price volatility in the periphery. 
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 Empirically, we rank traded goods hierarchically by the level of technological 

sophistication of their imports and exports following the model of Young (1991). Intuitively, 

learning by doing is bounded in each good and the technology advances are conditional on the 

sophistication of each good: sophisticated products have larger learning by doing prospects than 

unsophisticated goods, suggesting that countries that specialize in unsophisticated goods end up 

in a low-growth trap while countries specializing in sophisticated goods will enjoy trade-induced 

productivity advances.  

To examine the productivity effects of trade on product category, we regress per capita 

income on instrumented trade openness of goods of different levels of sophistication using the 

Frankel-Romer identification strategy (Sections 2.3 and 2.4). The following OECD 

classifications of broad product categories are used for manufactured goods: high-tech (HT) 

products, medium high-tech (MHT) products, medium low-tech (MLT) products, and low-tech 

(LT) products. Agricultural (AG) products, and mining and quarrying (MQ) follow ISIC 3.1 

definition of United Nations.  We use annual bilateral trade data for 224 countries covering the 

period 1996-2015. In addition to the geographic characteristics utilized by Frankel and Romer 

(1999), we include sea distance following Feyrer (2019) to allow for the changing composition 

of the mode of international transport over the estimation period: from ships to aircrafts. The 

results are largely consistent with the predictions of endogenous growth theory: Imports and 

exports of goods with a large stock of embodied knowledge promote productivity, while the 

opposite holds true for low-tech manufacturing products and agricultural products.  

Our paper builds on the contributions of Coe and Helpman (1995), Frankel and Romer 

(1999), Yanikkaya (2003), Galor and Mountford (2008), Andersen and Dalgaard (2011), Ortega 

and Peri (2014), Ang et al. (2015), Pascalis (2017), Feyrer (2009, 2019) and Deij et al., (2021). 

However, none of these studies considers trade disaggregated by product category. Only a few 

studies, if any, have tested the productivity effects of traded goods decomposed into different 

product classifications according to their level of sophistication measured by R&D intensity. The 

papers closest to ours are Coe and Helpman (1995), Coe at al. (1997), Madsen (2007), Galor and 

Mountford (2008), Kim and Lin (2009), and Ang et al. (2015). Using data for advanced 

countries, Coe and Helpman (1995) and Madsen (2007) find significantly positive productivity 

effects of knowledge spillovers through the channel of imports; however, they do not deal with 

endogeneity and do not consider the income-effects of low-tech trade. Coe et al. (1997) finds 

positive productivity effects of R&D knowledge spillovers from advanced to developing 

countries based on FE-OLS regressions. Galor and Mountford (2008) and Kim and Lin (2009) 
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show that aggregate international trade benefits advanced countries while developing countries 

suffer. Both studies use the Frankel-Romer identification strategy and aggregate trade data. 

Finally, Ang et al. (2015) show that R&D intensity promotes exports in East Asia; however, they 

do not discriminate between different product categories and their identification strategy is not 

well developed. 

The remainder of the paper is organized as follows. In Section 2.2, we show that the 

theoretical literature is very clear about the dual nature of the income gains from trade: 

specialization in high-tech products promotes per capita income while specialization in low-tech 

goods reduces income. The data are analyzed in Section 2.3, estimates are presented in Sections 

2.4 and 2.5, and Section 2.6 concludes. 

 

2.2 The Nexus Between Trade and Growth: Winners and Losers  

Gains from specialization, scale effects and knowledge-diffusion have been stressed in the 

literature for the income effects of trade (Buera and Osterfield, 2020). However, some countries 

might not benefit from trade; particularly the countries that specialize in low-tech production 

with slow productivity advances. Below we review the theoretical literature on positive 

productivity effects of trade (Section 2.2.1) and negative productivity effects of trade (Section 

2.2.2). 

 

2.2.1 Winners: Positive Productivity Effects of Trade Openness 

The innovation-based growth literature links trade and growth through increased product variety 

with intentional R&D by profit-seeking firms for which the outcome of research generates 

designs for new product varieties and improved quality of existing products (Grossman and 

Helpman 1991; Rivera-Batiz and Romer 1991). In this framework, international trade affects 

productivity through four channels: 1) access to foreign intermediate inputs with embodied 

knowledge; 2) expansion in the market size for new product varieties; 3) international knowledge 

diffusion; and 4) destruction of unproductive firms. We now detail on each of these points. 

First, access to international intermediate goods increases productivity through improved 

quality and larger variety of inputs used in production (Grossman and Helpman 1991; Coe and 

Helpman, 1995). Second, an expansion of the market size raises the profitability of R&D 

investment, shifts resources from production to R&D, and consequently increases the long-run 

rate of innovation and productivity growth in all trading countries (Grossman and Helpman 1991; 

Rivera-Batiz and Romer 1991; Dinopoulos and Segerstrom, 1999). Third, knowledge diffuses 
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internationally if the stock of general knowledge available locally increases because of trade 

expansions and, therefore, this speeds up the innovation rate in the R&D sector provided that 

skilled labour and know-how are complementary to new and advanced technologies that are 

available locally (Basu and Weil, 1998; Acemoglu and Zilibotti, 2001). Fourth, trade openness 

causes less productive firms to exit and cross-firm resource reallocation from less to more 

productive firms (Hsieh and Klenow, 2009). Furthermore, selection on productivity shifts the 

productivity distribution of incumbent firms upwards and leads to technology diffusion 

(Sampson, 2016). As technology diffusion raises average productivity, low-productivity firms 

become unprofitable, which generates further selection. In equilibrium, the positive feedback 

from technology diffusion and selection results in endogenous growth driven by the dynamic 

selection mechanism (Sampson, 2016).  

 

2.2.2 Losers: Negative Productivity Effects of Trade Openness 

The previous subsection shows that positive productivity effects of international trade 

predominantly derive from technology diffusion enabled investment in R&D and skilled labour. 

We know, however, that the stock of and investment in human capital and R&D is low in 

developing countries relative to those of the advanced countries. This opens up the possibility 

that developing countries specialize in production of unsophisticated products with low 

productivity growth prospects, which, in the worst-case scenario, keeps their per capita income 

low.  

Consider two countries: One country that manufactures unsophisticated goods produced 

by unskilled labour and few intermediate goods. The other country produces high-tech goods 

using skilled labour and differentiated intermediate goods. When trade expands, the country that 

has accumulated the most general knowledge in the past has a comparative advantage in R&D 

and devotes relatively more labour to innovation than the other country. Since productivity 

growth prospects of low-tech, traditional manufacturing and agriculture are modest, while 

productivity of high-tech manufacturing increases with the improvement in the quality and the 

variety of goods, it follows that the country with the lowest initial general knowledge experiences 

the lowest growth of the two countries, ceteris paribus. 

More formally, Young (1991) shows that industry-specific productivity advances are not 

only functions of the productive activity in that industry, but also the result of spillovers from 

learning by doing in other industries, an effect that gains support from the analysis of Hausmann 

et al. (2007). Specifically, Young (1991) ranks goods hierarchically by their level of technical 
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sophistication under the assumption that learning by doing is bounded in goods and, therefore, 

that productivity advances are increasing in the technological sophistication of the goods. Thus, 

the development of new productive technologies initially leads to rapid learning by doing. After 

some time, however, the productive capacity of these new technologies is exhausted, and 

learning by doing slows down. To prevent the productivity advances from slowing down, new 

technical processes need to be introduced. In the absence of international knowledge diffusion, 

the effects of trade on technical progress and growth, therefore, depend on whether static 

comparative advantage leads an economy to specialize in goods in which it has mostly exhausted 

learning by doing or in goods in which learning by doing has a strong momentum.  

Along the same lines, Redding (1999) shows that the productivity gain may be short-lived 

for the producer of unsophisticated goods with little promise of learning by doing. If individual 

agents fail to fully internalize the learning by doing potential of production relative to trading 

partners, free trade will induce dynamic welfare losses. Hausmann et al. (2007) argue that poor 

countries tend not to gain from trade because in these countries, entrepreneurs who attempt to 

produce a good for the first time face considerable cost uncertainty, which in turn deters the 

development of new goods. Another reason why countries may fail to gain productivity growth 

through international trade is a lack skilled labour that is complementary to new and advanced 

technologies (Basu and Weil, 1998; Acemoglu and Zilibotti, 2001). Technology-skill mismatch 

will lead to productivity differences and to increasing output gaps between the rich and poor 

countries even in the absence of any barriers to technology transfer. Finally, Islam and Madsen 

(2018) show that the agricultural sector cannot easily gain from knowledge spillover through the 

channel of trade as knowledge spillovers are mostly ecozone-specific. 

Whether or not a country gains from trade often depends on the initial comparative 

advantage when the economy opens up. Matsuyama (1992) shows that a country in which the 

manufacturing sector is less productive than the agricultural sector will specialize in agricultural 

production and deindustrialize over time. Furthermore, Matsuyama (2019) shows that 

globalization amplifies the tendency for domestic demand to be directed towards high-income 

elasticity sectors in rich countries.  

Williamson (2011) argues that the first globalization wave over the period 1850-1913 was 

a main factor behind the Great Divergence: The core countries benefitted from scale economies 

and specialization in manufacturing production while the periphery countries specialized in 

commodity production that resulted in deindustrialization, rent seeking, and excessive adverse 

income effects of marked commodity price volatility. The thesis that globalization waves 



Chapter 2 

 

TRADE AND ECONOMIC GROWTH 

14 

 

contribute to income divergence gains support in the analysis of Galor and Mountford (2008) 

who argue that the gains from trade in the industrialized core during the first globalization wave 

were directed towards investment in human capital and contributed to their early fertility 

transition. The increasing trade in the periphery countries, by contrast, was directed towards 

population growth; essentially because the returns to investment in human capital were below 

the benchmark level at which quality was traded off for quantity in the fertility decision. 

Consequently, the demographic and educational transition in the periphery countries was 

significantly delayed relative to the industrial core, which enhanced their comparative advantage 

in production of unskilled intensive goods. 

 

2.3 Estimation strategy and data 

2.3.1 Estimation Strategy 

We use a dynamic version of the static Frankel-Romer IV strategy in which bilateral trade 

predicted from the gravity model is used to form an instrument for trade openness. We present 

estimates for total trade, T, exports, E, and imports, M, separately.  

Consider first the income regression model in which the coefficients of trade openness are 

the focus variables: 

 

 ln 𝑌𝑖𝑡 = 𝛼0 + 𝛼1 ln 𝑇𝑖𝑡
𝑇𝐻𝑇 + 𝛼2 ln 𝑇𝑖𝑡

𝑇𝐿𝑇 + 𝛼3 ln 𝑇𝑖𝑡
𝐴𝐺 + 𝛼4 ln 𝑇𝑖𝑡

𝑀𝑄
 

+ 𝛼5 ln 𝑁𝑖𝑡 + 𝛼6 ln 𝐴𝑖𝑡 + 𝑋′𝛼 + 𝑒𝑖𝑡,      (2.1) 

 

where Yi is income per capita; 𝑇𝑖𝑡
𝑘 is the share of trade of product category k in total GDP; 

Ni is population size; 𝑋 is a vector of control variables; 𝑖 signifies country 𝑖 (home country); 𝑒𝑖𝑡 

is a stochastic error term; and 𝐴𝑖𝑡  is country surface area, which is approximately constant over 

time. The product types considered are: high- and medium high-tech (high-tech for shorthand), 

THT; medium low- and low-tech, TLT (low-tech for shorthand); AG = agricultural products; and 

MQ = mining and quarrying. Estimates based on the following more disaggregated product 

categories, k, are presented in the online Appendix (Tables A2 and A3): high-tech; medium high-

tech; medium low-tech; and low-tech. We focus on a more aggregate level here to simplify the 

presentation, noting that the principal results are the same when manufactured products are 

disaggregated into high-tech, medium high-tech, medium low-tech, and low-tech. The structural 

model (2.1) and the gravity equation (2.2) are estimated using five-year non-overlapping 

intervals to reduce the influence of random and cyclical fluctuations.  
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To control for other factors that influence productivity through channels other than trade, 

we include the following set of control variables in the model: executive constraints (complying 

with court rulings) as a proxy for the institutional quality, distance from the equator, a dummy 

variable for major oil-producing countries, land area, population size, continental and time 

effects. In line with the baseline regressions of Feyrer (2019), we do not include country effects 

in the structural (income) equation because they capture the identifying cross-country variation 

in the geographic characteristics coming from the gravity equation. 

Following Frankel and Romer (1999), the share of trade in product type k in total GDP is 

generated separately from the following gravity model based on geographic characteristics only: 

 

Ln
𝜏𝑖𝑗𝑡

𝑘

𝐺𝐷𝑃𝑖𝑡
=  𝛽0 +  𝛽𝑡

𝑁 ln 𝑁𝑖𝑡 + 𝛽𝑡
𝐴 ln 𝐴𝑖𝑡 + 𝛽𝑡

𝐴𝑖 ln 𝐷𝑖𝑗
𝐴𝑖𝑟 + 𝛽𝑡

𝑆 ln 𝐷𝑖𝑗
𝑆𝑒𝑎 + 𝛽2𝑡

𝑁 ln 𝑁𝑗𝑡 + 𝛽2𝑡
𝐴 ln 𝐴𝑗𝑡   

 + 𝛽𝑡
𝐿(𝐿𝑖 + 𝐿𝑗) +  𝛽𝑡

𝐵𝐵𝑖𝑗 +  𝛽𝑡
𝐵𝐴𝑖𝐵𝑖𝑗 ln 𝐷𝑖𝑗

𝐴𝑖𝑟 + 𝛽𝑡
𝐵𝑆𝑒𝑎𝐵𝑖𝑗 ln 𝐷𝑖𝑗

𝑆𝑒𝑎 +  𝛽𝑡
𝐵𝑁𝐵𝑖𝑗 ln 𝑁𝑖𝑡 

 + 𝛽2𝑡
𝐵𝑁𝐵𝑖𝑗 ln 𝑁𝑗𝑡 + 𝛽𝑡

𝐵𝐴𝐵𝑖𝑗𝐴𝑖𝑡 + 𝛽2𝑡
𝐵𝐴𝐵𝑖𝑗𝐴𝑗𝑡 + 𝛽𝑡

𝐵𝐿𝐵𝑖𝑗(𝐿𝑖 + 𝐿𝑗) +  𝛾𝑖 + 𝛾𝑗 + 𝛾𝑡 + 휀𝑖𝑗, (2.2) 

 

where GDP is nominal GDP; 𝜏𝑖𝑗𝑡
𝑘  is the bilateral trade of product category k between 

country i and j; 𝐷𝑖𝑗
𝐴𝑖𝑟 is the population weighted great circle distance between country i and j; 

𝐷𝑖𝑗
𝑆𝑒𝑎 is the sea distance between country i and j; L is a dummy variable that takes on the value 

of 1 for landlocked countries and zero otherwise; Bij is a dummy variable taking the value of 1 

if country i and j share a border and zero otherwise; 𝛾𝑖 and 𝛾𝑗 are country effects; 𝛾𝑡 is time 

effects; and 휀 is a stochastic error term. All nominal variables are denominated in USD. 

Eq. (2.2) is also estimated with pair effects, 𝛾𝑖𝑗, replacing the country effects, 𝛾𝑖 and 𝛾𝑗 

(the results are presented in the online Appendix, Table 2A.4). The income effects are almost 

identical regardless of whether country effects or country pair effects are included in the 

estimates of the gravity model. Population and land areas are included in the structural model 

and the first-stage regressions as proxies for within-country trade, as data on within-country trade 

do not exist. Trade in goods, 𝜏𝑖𝑗𝑡
𝑘 , is measured as total trade (T) as well as exports (E) and imports 

(M).  

The variables included in Eq. (2.2) are those used by Frankel and Romer (1999) extended 

with sea distance, country effects/pair effects and time effects. We extend the approach of 

Pascalis (2017) and Feyrer (2019) by allowing the coefficients of the following time-invariant 

variables to vary over time: air and sea distance (used by Pascalis and Feyrer), land area, common 
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boarder, landlockedness. Sea distance and air distance are included in Eq. (2.2) to cater for 1) 

the increasing share of air transport relative to sea transport; and 2) the cross-country variation 

in transport mode depending on geographic distance, product composition of trade, and other 

geographic characteristics, such as ruggedness. Hummels (2007), for example, documents that 

the cost of air freight per ton fell by a factor of ten over the period 1955-2004, while ocean freight 

rates were flat over the period 1952-1972 and rising with oil prices through to the mid-1980s. 

We allow the coefficients of land area, common boarder, the landlockedness to vary across the 

time as the adaptation of better communication technologies have potentially reduced the impact 

of geographic variables on trade. The Economist (2017), for example, documents that the 

development in digital technologies is causing a rapid change in what is tradable, ‘data to this 

century what oil was to the last’.  Eq. (2.2) is estimated using the Poisson Pseudo-Maximum-

Likelihood (PPML) estimation technique of Silva and Tenreyro (2006). Even though there are 

debates over the choice of the gravity estimator in the presence of frequent zero values, PPML 

estimator is accepted for gravity model due to the lower bias in PPML over traditional estimators 

(Martin and Pham, 2020).  Finally, the standard errors are clustered across country pairs.  

The predictions of Eq. (2.2) are used to form an instrument, �̂�𝑖𝑡
𝑘, for country i’s share of 

trade in product type k in total GDP at time t. In other words, we generate an instrument for each 

product category at disaggregated level and an instrument for trade at aggregate level for country 

i using the geographic variables: 

  �̂�𝑖𝑡
𝑘 = ∑ 𝑒

ln(
𝜏𝑖𝑗𝑡

𝑘

𝐺𝐷𝑃𝑖𝑡
)

̂

𝑗≠𝑖 ,        (2.3) 

 

where 𝜏𝑖𝑗𝑡
𝑘 /𝐺𝐷𝑃𝑖𝑡

̂  includes all countries with which country i can potentially trade. This 

means that we include all possible ij combinations in Eq. (2.3); even if the trade between two 

countries is zero or unrecorded; otherwise the parameter estimates of trade openness in the 

income equation are inconsistent because the exclusion restricted is violated (Deij et al., 2021). 

 

2.3.2 Exclusion Restrictions 

A potential problem facing Frankel and Romer’s (1999) IV strategy is that the exclusion 

restriction may be violated. A prime suspect is technology transfer that affects income through 

channels other than trade, such as foreign direct investment, FDI, that may be correlated with the 

geographic characteristics that are included in the gravity model (Feyrer, 2019). If the predicted 

trade captures FDI-effects, then the coefficients of sea and great circle distance would likely be 

randomly distributed over time and, thus, unrelated to the changing cost of air and sea transport. 
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However, as shown below, this is not what we find, suggesting that FDI is not transmitted to 

productivity though the geographic characteristics.  

Furthermore, if the geographic characteristics in the gravity equation captures FDI or other 

cross-borders factors, then the results would be sensitive to the geographic variables and their 

combinations that are included in the gravity equation. However, simulating 792 different 

specifications of the geographic characteristics included in Frankel and Romer’s (1999) gravity 

model, Deij (2018) finds that the magnitude and the statistical significance of the coefficient of 

trade openness in the income equation is largely independent of the specification of the gravity 

model. These results suggest that the exclusion restriction is unlikely to be violated: If the 

geographic characteristics considered by Frankel and Romer (1999) affect productivity through 

channels other than trade, then we should expect the productivity effects of trade to be sensitive 

to the choice of covariates in the gravity model.  

A more subtle, but a potentially more serious violation of the exclusion restriction occurs 

if only observed bilateral trade relationships are used to form the trade instrument in Eq. (2.3). 

Unfortunately, almost all papers using the Frankel-Romer IV strategy for trade, migration, FDI, 

foreign aid, political economy etc., do not state whether out-of-sample bilateral trade 

relationships are used to form the instrument, despite the results being highly sensitive to this 

consideration (see, for a survey, Deij et al.2021).  

Why is the exclusion restriction violated when only in-sample predictions are used to form 

the trade instrument? �̂�𝑖𝑡
𝑘 can either be generated from values of 𝜏𝑖𝑗𝑡

𝑘 /𝐺𝐷𝑃𝑖𝑡
̂ , where only observed 

bilateral trade flows are included in the instrument (in-sample predictions) or from all possible 

i-j combinations of trade flows (out-of-sample predictions). Noguer and Siscart (2005) argue in 

favor of the in-sample predictions from the perspective of efficiency; however, Deij et al. (2021) 

show that the exclusion of zero recorded bilateral trade flows from the instrument of openness 

leads to inconsistent parameter estimates because it violates the exclusion restriction. If the 

instrument is generated from in-sample predictions, then the coefficient of trade openness 

becomes significantly positive in a sample in which the bilateral trade flows are randomly 

generated, however the coefficient should in fact be insignificantly different from zero. This is 

because the number of bilateral trade flows recorded in the data is a positive function of per 

capita income. Thus, it is crucial to form the instrument from predictions of all possible bilateral 

trade relationships in our sample because rich countries tend to trade sophisticated products and 

developing countries tend to trade unsophisticated products; thus, leading to a foregone 

conclusion.  
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2.3.3 Data  

We use bilateral annual trade data from 1996 to 2015 from the WITS (World Integrated Trade 

System), which sourced data from the COMTRADE database. The sub-categorization of 

manufacturing goods follows the ISIC Revision 3 Technology Intensity Definition (OECD, 

2003), while the agricultural, hunting and forestry (AG); and mining and quarrying (MQ) are 

defined based on the ISIC Revision 3.1 of United Nations (United Nations, 2008). Table 2.1 

shows sub-categorization of manufacturing goods classified according to the share of R&D in 

total output. The classification is intuitive and shows the pyramid of the sophistication of the 

products2. While exports of high-tech goods require a large highly specialized and skilled labour 

force, production of food products and textiles for exports can be done almost solely by unskilled 

labour. For imports, low-tech goods, such as textiles are unlikely to promote productivity growth 

because they do not enter the production process as productivity-enhancing intermediate goods 

and do not lead to diffusion of technology. High-tech imports, such as instruments, sophisticated 

machinery and equipment, and pharmaceuticals, on the other hand, are likely to increase the 

production potential directly as being part of the production chains, increase the productivity of 

researchers, and lead to technology diffusion.  

 

Table 2.1: Categorization of manufacturing industries based on research intensity 

1 Category: High-tech Industries - HT 3. Category: Medium-low-tech Industries - MLT 

Aircraft and spacecraft  Building and repairing of ships and boats 

Pharmaceuticals Rubber and plastics products 

Office, accounting and computing machinery Coke, refined petroleum products and nuclear fuel 

Radio, TV and communications equipment Other non-metallic mineral products 

Medical, precision and optical instruments Basic metals and fabricated metal products 

2. Category: Medium-high-tech Industries - MHT 4. Category: Low-tech Industries - LT 

Electrical machinery and apparatus, n.e.c. Manufacturing, n.e.c.; Recycling 

Motor vehicles, trailers and semi-trailers 

Chemicals excluding pharmaceuticals 

Wood, pulp, paper, paper products, printing and 

publishing  

Railroad equipment and transport equipment, n.e.c. Food products, beverages and tobacco 

Machinery and equipment, n.e.c. Textiles, textile products, leather and footwear 

Notes: The classification is based on OECD Science, Technology and Industry Scoreboard 2003, based on direct 

R&D intensity (OECD, 2003).  

As a proxy for institutional quality, we use the variable ‘v2x_jucon’ from the V-Dem 

database, which shows the extent to which the executive respects the constitution and complies 

 
2 The ISIC Revision 3 Technology Intensity Definition (OECD, 2003) could have limitations since it does not take into 

account other factors of sophistication such as the direction of trade, the complexity of production networks, market complexities, 

and the involvement of information and communication technologies. 
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with court rulings, ranging in the interval 0-1, where 0 is for the least respect and 1 is for the 

highest respect. The V-Dem database benefits from having the largest country coverage of the 

available institutional quality indicators and, more importantly, the V-Dem indicators are based 

on a detailed analysis from a large number of experts with expertise in individual countries.  

The CEPII gravity database is used as the source for the geographic variables: area, 

landlocked dummy, latitudinal coordinates, population weighted great circle bilateral distances, 

common border dummies, population size, where the great circle distance is the shortest surface 

distance between two countries, as opposed to a straight line through the interior of the sphere. 

The data on GDP at current prices are from the World Development Indicators (WDI). The real 

GDP per capita are both from the WDI and Penn World Tables, PWT Mark 9.1, where we use 

the WDI in the baseline regressions. In the online Appendix (Table A5) we show that the results 

based on the PWT are almost identical to the baseline results. Sea distance data is from the 

CERDI Sea Distance Database which contain bilateral maritime distance between 227 countries. 

 

Table 2.2: Summary statistics of the key variables (224 Countries, 1996-2015) 
Variables Obs. Mean Std. Dev. 

(overall) 

Std. Dev. 

(between) 

Std. Dev. 

(within) 

Actual total trade as a % of GDP (𝑇𝑇𝑇) 896 0.413 0.386 0.356 0.149 

Actual total High-tech trade as a % of GDP (𝑇𝑇𝐻𝑇) 896 0.148 0.197 0.190 0.053 

Actual total Low-tech trade as a % of GDP (𝑇𝑇𝐿𝑇) 896 0.188 0.179 0.162 0.076 

Actual AG trade as a % of GDP (𝑇𝐴𝐺) 896 0.019 0.024 0.021 0.011 

Actual MQ trade as a % of GDP (𝑇𝑀𝑄) 896 0.051 0.094 0.081 0.048 

Actual total exports as a % of GDP (𝐸𝑇𝑇) 896 0.169 0.196 0.182 0.074 

Actual total High-tech exports as a % of GDP (𝐸𝑇𝐻𝑇) 896 0.048 0.105 0.102 0.025 

Actual total Low-tech exports as a % of GDP (𝐸𝑇𝐿𝑇) 896 0.075 0.089 0.083 0.033 

Actual AG exports as a % of GDP (𝐸𝐴𝐺) 896 0.012 0.022 0.020 0.009 

Actual MQ exports as a % of GDP (𝐸𝑀𝑄)  896 0.033 0.090 0.077 0.046 

Actual total imports as a % of GDP (𝑀𝑇𝑇) 896 0.250 0.229 0.208 0.097 

Actual total High-tech imports as a % of GDP (𝑀𝑇𝐻𝑇) 896 0.106 0.111 0.104 0.040 

Actual total Low-tech imports as a % of GDP (𝑀𝑇𝐿𝑇) 896 0.118 0.115 0.100 0.057 

Actual AG imports as a % of GDP (𝑀𝐴𝐺) 896 0.009 0.010 0.008 0.006 

Actual MQ imports as a % of GDP  (𝑀𝑀𝑄) 896 0.023 0.032 0.029 0.014 

Population in reporting country, millions (pop) 844 30.98 123.02 121.90 7.88 

Land area of reporting country km2 (area) 896 608.25 1,795.62 1,798.64 6.17e-14 

GDP per capita, PPP (constant 2011 international $) 

 
737 17,270 20,271 19,884.66 3,778.75 

 Notes: Table 2 reports summary statistics for 224 countries over the period 1996-2015 in 5-year intervals. 

 

The summary statistics are provided in Table 2.2. Unsurprisingly, the within-country 

variation in the data is significantly lower than the between-country variation, implying that 

country fixed effects will significantly reduce the identifying variation in the data as 

aforementioned. The within-between country variation gap, however, differs markedly between 

the dependent variables in the gravity model and the structural model. While the between-
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consistent with the findings in the literature: The coefficients of population are negative, while 

the coefficients of distance to the equator, executive constraints, and the dummies for major oil 

producing countries are positive. 

 

Table 2.3: Income effects of trade, OLS estimations (1996-2015)  
 Dependent Variable: ln(Real GDP per Capita in PPP) 

 (1) (2)  (3) (4)  (5) (6) 

Total Trade Exports Imports 

𝐥𝐧 𝑻𝒊𝒕
𝑻𝑻 0.011  𝐥𝐧 𝑬𝒊𝒕

𝑻𝑻 0.034*  𝐥𝐧 𝑴𝒊𝒕
𝑻𝑻 -0.099*  

 (0.043)   (0.020)   (0.059)  

𝐥𝐧 𝑻𝒊𝒕
𝑻𝑯𝑻  0.210*** 𝐥𝐧 𝑬𝒊𝒕

𝑻𝑯𝑻  0.030* 𝐥𝐧 𝑴𝒊𝒕
𝑻𝑯𝑻  0.211*** 

  (0.046)   (0.018)   (0.053) 

𝐥𝐧 𝑻𝒊𝒕
𝑻𝑳𝑻  -0.235*** 𝐥𝐧 𝑬𝒊𝒕

𝑻𝑳𝑻  -0.028 𝐥𝐧 𝑴𝒊𝒕
𝑻𝑳𝑻  -0.255*** 

  (0.056)   (0.020)   (0.069) 

𝐥𝐧 𝑻𝒊𝒕
𝑨𝑮  -0.088** 𝐥𝐧 𝑬𝒊𝒕

𝑨𝑮  -0.045** 𝐥𝐧 𝑴𝒊𝒕
𝑨𝑮  -0.052 

  (0.040)   (0.022)   (0.035) 

𝐥𝐧 𝑻𝒊𝒕
𝑴𝑸

  0.015 𝐥𝐧 𝑬𝒊𝒕
𝑴𝑸

  0.017** 𝐥𝐧 𝑴𝒊𝒕
𝑴𝑸

  -0.034 

  (0.019)   (0.008)   (0.028) 

𝐥𝐧 𝒑𝒐𝒑𝒊𝒕 
-0.160** -0.161*** 𝐥𝐧 𝒑𝒐𝒑𝒊𝒕 

-0.160** -0.128** 𝐥𝐧 𝒑𝒐𝒑𝒊𝒕 
-0.172*** -0.165** 

 (0.065) (0.057)  (0.063) (0.056)  (0.066) (0.064) 

𝐥𝐧 𝒂𝒓𝒆𝒂𝒊𝒕 
-0.001 -0.011 𝐥𝐧 𝒂𝒓𝒆𝒂𝒊𝒕 

0.002 -0.015 𝐥𝐧 𝒂𝒓𝒆𝒂𝒊𝒕 
-0.008 -0.034 

 (0.057) (0.052)  (0.057) (0.055)  (0.058) (0.054) 

𝒆𝒒𝒖𝒂𝒕𝒊  
1.435*** 1.344*** 𝒆𝒒𝒖𝒂𝒕𝒊  

1.403*** 1.381*** 𝒆𝒒𝒖𝒂𝒕𝒊  
1.479*** 1.491*** 

 (0.401) (0.372)  (0.398) (0.389)  (0.414) (0.375) 

𝒊𝒏𝒔𝒕𝒊𝒕 0.270*** 0.344*** 𝒊𝒏𝒔𝒕𝒊𝒕 0.268*** 0.371*** 𝒊𝒏𝒔𝒕𝒊𝒕 0.289*** 0.298*** 

 (0.085) (0.091)  (0.086) (0.100)  (0.089) (0.085) 

𝒅𝒖𝒎𝒎𝒚_𝒐𝒊𝒍𝒊 1.098*** 0.955*** 𝒅𝒖𝒎𝒎𝒚_𝒐𝒊𝒍𝒊 1.090*** 0.984*** 𝒅𝒖𝒎𝒎𝒚_𝒐𝒊𝒍𝒊 1.072*** 1.055*** 

 (0.223) (0.220)  (0.222) (0.224)  (0.223) (0.211) 

Year FE Yes Yes  Yes Yes  Yes Yes 
Obs 563 551  565 550  564 563 

𝑹𝟐 0.563 0.659  0.565 0.626  0.565 0.620 

Notes: The estimates are in non-overlapping 5-year intervals over the period 1996-2015. Numbers in parentheses are country 

level clustered standard errors. *, ** and *** denote 10%, 5% and 1% significance levels, respectively. Total trade openness, total 

export openness and the total import openness are the only trade variables that are included in the regressions in column (1), (3), 

and (5). Continental dummies are included in the regressions but not reported for brevity.  

 

2.4.2 IV Regressions 

Before turning to the 2SLS regression, we present the key parameter estimates of the gravity 

model to gain insight into the time-variation of the coefficients of circle distance and sea distance 

as instruments for trade. 

2.4.2.1 Gravity Model 

The key parameters of the estimates of the gravity model for total and categorized trade openness 

are presented in Table 2.4. The coefficients of air distance are significantly negative in all cases, 

as predicted by theory. The air distance elasticity of trade has increased over time for all product 
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types; a result that is consistent with the finding of Feyrer (2019) for overall trade. The 

increasingly negative magnitude of the coefficient of air distance, however, does not mean that 

the air transport resistance has increased over time, but that the share of goods transported by air 

has increased. This reasoning is also consistent with the results that air distance resistance terms 

are more negative for trade in high-tech goods than they are for agricultural and mining products 

because air transport is often not a suitable alternative for most natural resource products. 

Although fresh fruit and some vegetables are increasingly transported by air, as reflected in the 

increasing absolute values of the air transport elasticities for agricultural products, the dominant 

agricultural trade commodities still have a low ratio of value-added to weight, such as cereals, 

wine, livestock, long-life dairy products, and frozen meat. 

 

Table 2.4: Key parameter estimates of the gravity model, (1996-2015) 
Gravity Variable Total 

Trade 

Openness 

(TT) 

High & 

Medium 

High-Tech 

Trade Openness 

(THT) 

Medium 

Low-Tech 

& 

Low-Tech Trade  

Openness (TLT) 

Agri-Trade 

Openness 

(AG) 

Mining 

and 

Quarrying 

Trade 

Openness (MQ) 

ln(distance air) x i( 1996-00) -0.989*** -0.885*** -1.060*** -0.580*** -0.658*** 

 (0.062) (0.068) (0.074) (0.110) (0.123) 

ln(distance air) x i( 2001-05) -1.047*** -1.057*** -1.079*** -0.594*** -0.539*** 

 (0.053) (0.055) (0.065) (0.096) (0.110) 

ln(distance air) x i( 2006-10) -1.078*** -1.103*** -1.119*** -0.631*** -0.510*** 

 (0.048) (0.045) (0.062) (0.080) (0.114) 

ln(distance air) x i( 2011-15) -1.174*** -1.169*** -1.174*** -0.702*** -0.833*** 

 (0.055) (0.046) (0.066) (0.072) (0.192) 

ln(distance sea) x i( 1996-00) -0.150*** -0.140** -0.134** -0.258*** -0.147 

 (0.050) (0.056) (0.055) (0.085) (0.098) 

ln(distance sea) x i( 2001-05) -0.146*** -0.046 -0.161*** -0.288*** -0.354*** 

 (0.040) (0.044) (0.046) (0.074) (0.096) 

ln(distance sea) x i( 2006-10) -0.118*** 0.003 -0.135*** -0.312*** -0.358*** 

 (0.036) (0.034) (0.043) (0.056) (0.087) 

ln(distance sea) x i( 2011-15) -0.036 0.059 -0.082* -0.265*** -0.076 

 (0.042) (0.037) (0.048) (0.051) (0.152) 

Observations 84,259 67,763 75232 41,771 31,998 

𝑅2 0.634 0.761 0.558 0.520 0.347 

Country dummies Yes Yes Yes Yes Yes 

Year dummies Yes Yes Yes Yes Yes 

Pair dummies No No No No No 

Notes: The estimates are in 5-year intervals over the period 1996-2015. Numbers in parentheses are country pair level clustered 

standard errors. *, ** and *** denote 10%, 5% and 1% significance levels, respectively. In addition to distance, the gravity 

regressions include the following geographic variables: population of reporter and partner, land area of reporter and partner, a 

dummy variable to capture landlocked features of reporter and partner, a dummy to capture a common border between the 

country pair, interaction variables of border with other variables to capture the border effect of other geographic variables on 

trade, reporter and partner fixed effects and year fixed effects. Estimates of the gravity model with country pair and year effects 

are presented in in the online Appendix (Table A1).  
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Turning to the coefficients of sea distance, the absolute magnitude of the coefficients of 

trade in mining, low-tech and agricultural goods are significantly higher than those of high-tech 

goods, because air transport is often not a suitable alternative to sea transport for mining and 

agricultural goods. For high-tech goods, the coefficients of sea distance cease to be significantly 

negative after 2000, suggesting that sea transport is no longer a valuable alternative to air 

transport of these goods. Overall, the magnitude and variation of the coefficients of sea and air 

distance across time and products are intuitive and have the sufficiently high statistical and 

economic significance to act as good complementary instruments to the other variables included 

in the gravity model. The finding that trade in high-tech goods is much more sensitive to air 

relative to sea distance compared to that of agricultural, low-tech and mining goods is consistent 

with the data for the US: in 2001, the fraction of goods transported by air was substantially higher 

for high value-to-weight products, such as pharmaceuticals, instruments, and electronics (Feyrer, 

2019). 

 

2.4.2.2 2SLS Regressions 

The first- and second stage regressions are presented in Table 2.5. The instrument relevance 

criteria do not give evidence against the instruments as signified by the low p-values for excluded 

instruments for total trade, exports and imports. Turning to the second-stage regressions, the 

coefficients of the overall trade openness, TT, are significantly positive for total trade and 

exports, but not for imports (column (1)). With a coefficient of 0.30, a 100% increase in the total 

trade openness is associated with a 30% increase in per capita income, noting that the 100% 

increase represents the approximate increase in world trade openness over the period 1970-2018 

(WDI, 2021, viewed on 2.1.2021). 

The coefficients of trade openness of high-tech goods, TTHT, ETHT, and MTHT, in column (2) 

are statistically and economically highly significant. A 10% increase in TTHT, is associated with 

an 8.3% increase in income, which is 2.75 times the magnitude of TTT. However, semi-elasticities 

are arguably more informative for the income effects of categorized trade openness because 

conventional elasticities fail to account for the magnitude of trade shares. Since the mean of TTT 

is 0.41 but 0.15 for TTHT (see summary statistics), the income effect of a 1 percentage point 

increase in TTHT is (0.41 x 0.83)/(0.15 x 0.30) = 7.6 times larger for TTHT than for TTT. Thus, for 

a country that trades only high-tech goods, a 100% increase in TTHT is associated with a 550% 

(0.83/0.15 x 100) increase in per capita income.  
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The coefficients of trade in low-tech manufacturing and agricultural goods, TTLT and TAG, 

are significantly negative in all cases. A 1% percentage point reduction in imports of 

unsophisticated goods, MTLT plus MAG, is associated with a [0.88/0.12 + 0.39/0.01] = 46.3% 

increase in per capita income or, alternatively, for exports, a 1 percentage point reduction in ETLT 

plus EAG is associated with a [0.11/0.08 + 0.21/0.01] = 22.38% increase in per capita income. 

Therefore, trade in unsophisticated products is, on average, not promoting development. This is, 

particularly true for the imports of unsophisticated goods that have significantly stronger income-

reducing effects than exports of unsophisticated goods, ETLT and EAG. A possible explanation for 

the stronger import than export effects is that imports of probably cheap unsophisticated 

manufactured goods crowd out the domestic production of unsophisticated manufactures. 

Imports of food has probably reduced income by contributing to the population pressure that, 

through several channels, has adverse effects on per capita income (Galor and Mountford, 2006; 

Madsen et al., 2020).  

The coefficients of mining are statistically significantly positive for overall trade openness, 

but not for exports and imports. This, however, does not generally invalidate the resource curse 

hypothesis that mining production reduces the quality of institutions and crowds out production 

of tradable goods. Furthermore, the negative income effects of mining exports predicted by the 

curse literature are likely to be counterbalanced by the high labour productivity in the mining 

sector relative to other sectors; even when the oil-rich countries are controlled for. Although a 

large fraction of the labour force in mining extraction is unskilled, the mining-industry tends to 

be capital intensive and, therefore, has a high labour productivity relative to other sectors of the 

economy. A structural change towards mining production is associated with overall productivity 

advances even if productivity advances have been absent in the individual sectors. Finally, 

mining production may promote growth in the overall economy through externalities along with 

the technological progress embodied in new machinery and equipment used for mining 

extraction.  

Returning to trade in high-tech products, the import elasticities are well in excess of export 

elasticities: 0.33 (exports) versus 0.99 (imports); thus, somewhat challenging the specialization 

theories of the income-effects of trade. A problem associated with this reasoning, however, is 

that the mean of ETHT << MTHT because exporters of high-tech goods are predominantly countries 

with total income well in excess of average incomes, whereas incomes of importing countries 

are distributed more evenly. As a result, the income elasticity comparisons between high-tech 

imports and exports give deceptive indications of their respective income-effects. Therefore, we 
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need to resort to semi-elasticities. For ETHT, the semi-elasticity is 0.33/0.048 = 6.88, while it is 

0.99/0.106 = 9.34 for MTHT, thus, certainly more comparable than the income elasticities.  

 

Table 2.5: Income effects of trade, IV estimates (1996-2015)  
 Total trade 

(TT) 

 

Total high-  

tech trade (THT) 

Total low- tech 

Trade (TLT) 

Agri Trade  

 (AG) 

Mining and 

quarrying 

trade (MQ) 

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

       

Panel A: Trade Openness 

Second Stage Regressions 

Dependent Variable: ln(Real GDP per Capita ) 

ln 𝑇𝑖𝑡
𝑘  0.302** 0.833*** -0.718*** -0.466*** 0.103** 

 (0.139) (0.127) (0.175) (0.086) (0.045) 

Obs 563 551 551 551 551 

Adjusted R2 0.639 0.751 0.751 0.751 0.751 

First Stage Regressions 

ln 𝑇𝑖𝑡
�̂�   0.869*** 0.854*** 0.623** 0.913*** 1.057*** 

 (0.041) (0.083) (0.056) (0.081) (0.070) 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 

Obs 563 551 551 551 551 

 

Panel B: Export Openness 

Second Stage Regressions 

Dependent Variable: ln(Real GDP per Capita ) 

ln 𝐸𝑖𝑡
𝑘  0.239*** 0.326*** -0.111* -0.211*** 0.003 

 (0.071) (0.044) (0.067) (0.034) (0.021) 

Obs 565 550 550 550 550 

Adjusted R2 0.648 0.744 0.744 0.744 0.744 

First Stage Regressions 

ln 𝐸𝑖𝑡
�̂�    0.991*** 0.985 *** 0.889*** 1.029*** 1.122*** 

 (0.027) (0.033) (0.049) (0.023) (0.032) 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 

Obs 565 550 550 550 550 

      

Panel C: Import Openness 

Second Stage Regressions 

Dependent Variable: ln(Real GDP per Capita ) 

      

ln 𝑀𝑖𝑡
𝑘  0.003 0.990*** -0.880*** -0.388*** 0.092 

 (0.187) (0.172) (0.217) (0.131) (0.093) 

Obs 564 563 563 563 563 

Adjusted R2 0.633 0.717 0.717 0.717 0.717 

First Stage Regressions 

ln 𝑀𝑖𝑡
�̂�    0.813*** 1.007*** 0.619*** 0.889*** 0.954*** 

 (0.046) (0.029) (0.054) (0.059) (0.030) 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 
Obs 564 563 563 563 563 

Notes: The IV (2SLS) estimates are in 5-year intervals for sample countries over the period 1996-2015. Numbers in parentheses 

are country level clustered standard errors.  *, ** and *** denote 10%, 5% and 1% significance levels, respectively. The instruments 

for trade openness are based on the gravity equation, which in addition to geographic characteristics, includes country and year 

effects. In addition to predicted trade openness, the first-stage regression includes population size, land area and time effects. 

The baseline controls (distance from the equator, institutional quality, and controls for major oil producing economies and 

continents) are included in the regressions but not reported. A similar table is presented in the online Appendix (Table A4) using 
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trade shares constructed with (1) country pair and year effects and (2) reporter, partner, reporter-year and year effects in the 

gravity model.  

Overall, the results in this sub-section suggests 1) that trade in sophisticated goods 

promotes growth whereas trade in unsophisticated goods, excepting mining products, reduces 

income; 2) that the semi-elasticities for high-tech goods are higher for imports than exports; and 

3) the negative income-effects of imports of low-tech manufactures and agricultural products are 

significantly larger for imports than exports, which indicates that specialization is not only factor 

explaining the negative income effects of trade in these goods; population pressure and crowding 

out effects are likely to play a role here.  

 

2.4.2.3 Why are the Coefficients of Openness Closer to Zero in the OLS than the IV 

Regressions? 

The motivation for using instruments for openness in income regressions is primarily to 

overcome potential positive feedback effects from income to trade openness: As a share of GDP, 

theory and empirics suggests that richer countries tend to trade more than poor countries (Frankel 

and Romer, 1999; Deij et al.,2021). However, based on the Frankel-Romer framework, the 

literature generally finds that the coefficient of trade openness is higher in the IV than the OLS 

estimates. This raises the possibility that the exclusion restriction is violated. Alternatively, 

geographic characteristics are likely to be more important channels through which trade affects 

income than non-geographic trade determinants. More importantly, since the gravity equation 

has captured most of the variation of trade openness, the residuals from the estimates of the 

gravity equation are likely to contain large error components that may exceed the identifying 

variation in the trade determinants that are omitted from the gravity equation. Farhad et al. 

(2021), for example, show that misreported trade is rampant across the world and that around 

30% of all trade in goods is misreported, suggesting that the errors-in-variables bias in the OLS 

estimates may be substantial. This explanation resonates with the finding of Frankel and Romer 

(1999) that the sampling error explains the lion’s share of the gap between their IV and OLS 

estimates.  

 

2.5 Composition of Trade and Growth 

Instead of using trade shares in total income as regressors, we now turn to the effects of trade 

openness conditional on the share of each product category in total trade. We estimate the 

following second-stage regression: 
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 ln 𝑌𝑖𝑡 = 𝛾0 + 𝛾1 ln (
𝑇𝑇𝑇

𝐺𝐷𝑃
)

𝑖𝑡
+ 𝛾2 ln (

𝑇𝑇𝐻𝑇

𝑇𝑇𝑇 )
𝑖𝑡

+ 𝛾3 ln (
𝑇𝑇𝐿𝑇

𝑇𝑇𝑇 )
𝑖𝑡

+ 𝛾4 ln (
𝑇𝐴𝐺

𝑇𝑇𝑇)
𝑖𝑡

  

+ 𝛾5 ln (
𝑇𝑀𝑄

𝑇𝑇𝑇 )
𝑖𝑡

+ 𝛾6 ln 𝑁𝑖𝑡 + 𝛾7 ln 𝐴𝑖𝑡 + 𝑿′𝜶 + 𝑒3,𝑖𝑡,   (2.4) 

where the first right-hand-term captures the income effects of overall trade openness and the 

other trade terms capture the income effects of the trade share of each product category such that 

the shares add up to one. All the baseline control variables are included in all estimates of Eq. 

(2.4). 

Estimates of this model give three insights. First, they reveal the income effects of overall 

trade when the composition of trade is controlled for. Second, they show the income effects of a 

change in the trade composition conditional on a given trade openness. Third, they shed light on 

the validity of the exclusion restriction. If the exclusion restriction is violated, then we would 

expect the principal results in this section to differ from the baseline results in Table 2.5 since 

the distribution of trade on product categories is determined by geographic characteristics that 

are likely to differ from those of ‘product-type trade openness’. 

 

Table 2.6: Income effects of the composition of trade, IV estimates (1996-2015)  
Total trade 

openness/trade share 

(1) 

Income effect 

of trade 

openness (2) 

Total export 

openness/ export 

share (3) 

Income effect of 

export openness 

(4) 

Total import 

openness/ 

import share 

(5) 

Income effect of 

import openness 

(6) 

𝑙𝑛 
𝑇𝑇𝑇

𝐺𝐷𝑃
 

-0.192 

(0.121) 

 

𝑙𝑛 
𝐸𝑇𝑇

𝐺𝐷𝑃
 

0.022 

(0.065) 𝑙𝑛 
𝑀𝑇𝑇

𝐺𝐷𝑃
 

-0.147 

(0.155) 

 

p - value 0.000  0.000  0.000 

𝑙𝑛
𝑇𝑇𝐻𝑇

𝑇𝑇𝑇
 

0.395 

(0.328) 𝑙𝑛
𝐸𝑇𝐻𝑇

𝐸𝑇𝑇
 

0.290*** 

(0.053) 𝑙𝑛
𝑀𝑇𝐻𝑇

𝑀𝑇𝑇
 

0.280 

(0.570) 

p – value 0.000  0.000  0.000 

𝑙𝑛
𝑇𝑇𝐿𝑇

𝑇𝑇𝑇  
-0.971*** 

(0.334) 𝑙𝑛
𝐸𝑇𝐿𝑇

𝐸𝑇𝑇  
-0.149 

(0.125) 𝑙𝑛
𝑀𝑇𝐿𝑇

𝑀𝑇𝑇  
-1.721** 

(0.792) 

p – value 0.000  0.000  0.000 

𝑙𝑛
𝑇𝐴𝐺

𝑇𝑇𝑇  
-0.507*** 

(0.094) 𝑙𝑛
𝐸𝐴𝐺

𝐸𝑇𝑇  
-0.218*** 

(0.037) 𝑙𝑛
𝑀𝐴𝐺

𝑀𝑇𝑇  
-0.324** 

(0.141) 

p – value 0.000  0.000  0.000 

𝑙𝑛
𝑇𝑀𝑄

𝑇𝑇𝑇  
-0.037 

(0.084) 𝑙𝑛
𝐸𝑀𝑄

𝐸𝑇𝑇  
-0.001 

(0.022) 𝑙𝑛
𝑀𝑀𝑄

𝑀𝑇𝑇  
-0.071 

(0.168) 

p - value 0.000  0.000  0.000 

Notes: Numbers in parentheses are country level clustered standard errors.  *, ** and *** denote 10%, 5% and 1% significance 

levels, respectively. p – value = p – value of F-test for excluded instruments in the first stage. 

 

The second-stage IV regression results are presented in Table 2.6. The instrument 

relevance criterion, as signified by the low p-values for excluded instruments, does not give any 

evidence against the instruments. The coefficients of the overall trade openness, 𝑇𝑇𝑇

𝐺𝐷𝑃
, export 

openness, 𝐸𝑇𝑇

𝐺𝐷𝑃
, and import openness, 𝑀𝑇𝑇

𝐺𝐷𝑃
, are insignificant, suggesting that the overall trade 

openness does not affect income. However, the composition of trade matters for trade. The 
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countries should bar imports of agricultural products because it is likely to ultimately lead to 

food shortages in the short run.  

How do the results compare with the results from the baseline regressions in Table 2.5? 

Supposing that the share of imports of agricultural goods in total imports is increased by one 

percentage point with a compensational one-percentage point reduction in high-tech shares, then 

per capita income is reduced by 8.5 per cent based on the estimates in Table 2.5 [mean value of 

MT multiplied by the distance between the semi elasticities: [0.25 x (0.99/0.106 - 0.39/0.009)]. 

This effect is not too distant from the effects based on import shares of 8.7 per cent (Table 2.6) 

to raise concerns. The same principal results emerge from all the combinations displayed in Table 

2.6. The similarity between these estimates gives credibility to the validity of the exclusion 

restriction. If the geographic characteristics in the estimates of the gravity model capture FDI or 

immigration effects, then we should expect quite distant income effects of trade shares vis-à-vis 

openness shares.  

 

2.5 Trade in North Vs Trade in South and Product Composition 

A key question is the extent to which trade, and particularly the level of development of the 

trading economy and the trading partners, have contributed to the slow economic progress in the 

South (low-income countries) and the widening of the income gap between the North (high 

income countries) and the South over the past two centuries. Another question is whether the 

baseline results are inconsistent because the exclusion restriction is violated when countries are 

pooled at the world level. In the event that poor countries are specializing in production of 

unsophisticated goods, while rich countries specialize in high-tech production, then the results 

may be driven by the identity of the country, and not by specialization and externalities. To 

address these issues, we split the sample into two income groups: the 50% countries with the 

highest per capita income on average over the period 1996-2015 as North, and the 50% of the 

countries with the lowest income as South. We then check the extent to which the income effect 

of trade depends on who is trading.  

Table 2.8 shows the income regression results based on the all-all (baseline — trade 

between all reporters and all partners), North-all (trade between high-income reporters and all 

partners) and South-all (trade between low-income reporters and all partners) bilateral trade 

relationships. Instruments similar to baseline analysis are used in all of the estimates. The 

coefficients of disaggregated product categories are almost similar between the two income 
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groups, suggesting that the exclusion restriction is not violated because of a pre-determined 

identity of the country.  

 

Table 2.8: Income effects of trade, IV estimates – High-income Vs Low-income(1996-2015)  

Variables Dependent Variable: ln(Real GDP per capita) 

  

Total Sample  

(All-All) 

High-income economies 

 (North-All) 

Low-income economies  

(South-All) 

  Trade Exports Imports Trade Exports Imports Trade Exports Imports 

Panel A- Total Trade  
TT 0.302** 0.239*** 0.003 0.05  0.079 -0.099 0.537*** 0.202** 0.494** 

  (0.14) (0.072) (0.190) (0.12) (0.074) (0.136) (0.15) (0.088) (0.197) 

F-Stat 1 446.8 1343.68 145.79 213.86 2223.97 142.45 163.25 394.31 28.61 
P-value of F-

Stat  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

# of countries 156 157 156 74 74 74 82 83 82 

Observations 563 565 564 285 285 285 278 280 279 

Panel B- Disaggregated Trade  

THT 0.833*** 0.326*** 0 990*** 0.489*** 0.212*** 0.418** 0.574** 0.204*** 0.317* 

  (0.13) (0.045) (0.175) (0.14) (0.048) (0.197) (0.25) (0.050) (0.191) 

TLT -0.718*** -0.111* -0.880*** -0.566*** -0.241** -0.275 -0.308 -0.001 -0.000 

  (0.18) (0.067) (0.221) (0.21) (0.102) (0.263) (0.23) (0.065) (0.215) 

AG -0.466*** -0.211*** -0.388*** -0.273*** -0.101*** -0.438*** -0.198** -0.131*** -0.113 

  (0.09) (0.035) (0.133) -0.091 (0.032) (0.162) -0.098 (0.045) (0.131) 

MQ 0.103** 0.003 0.092 0.029 0.021 -0.082 0.119* 0.001 0.219** 

  (0.05) (0.021) (0.095) (0.04) (0.022) (0.077) (0.06) (0.025) (0.103) 

              
Continent FE Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes 

              
F-Stat 1 224.39 831.77 1183.65 139.32 779.76 245.92 29.19 371.84 650.54 

F-Stat 2 106.05 285.86 230.08 50.97 216 92 98.12 10.43 143.81 88.07 

F-Stat 3 277.09 1754.51 475 10 104.23 3069.72 108.65 190.43 378.91 481.16 

F-Stat 4 230.94 1069.00 457 14 226.11 3089.71 243.55 134.11 307.53 833.29 

# of countries 154 155 156 73 73 74 81 82 82 

Observations 551 550 563 281 280 285 270 270 278 

Notes: The IV (2SLS) estimates are in 5-year intervals for sample countries over the period of 1996-2015. Numbers in 

parentheses are country level clustered standard errors. *, **and *** denote 10%, 5%, and 1% significance levels, respectively. 

The instruments for trade openness are based on the gravity equation, which — in addition to geographic characteristics, includes 

country and year effects. In addition to predicted trade openness, the first stage regression includes population size, land area, 

and time effects. The baseline controls (distance from the equator, institutional quality, and controls for major oil producing 

economies and continents) are included in the regressions of all three samples, but are not reported. Countries in the total sample 

were classified into two groups as High-income economies and Low-income economies based on the average GDP per capita 

during the sample period of 1996-2015. The top two quartiles of the countries ranked according to the average income per capita 

are classified as the High-income and the balance lower two quartiles are classified as the Low-income.  

 

We, however, highlight two differences between North and South. The first that because 

of conflicting income effects between types of goods that are traded, total trade is insignificant 

for high income economies, whereas for low-income economies, any increase in trade shows 

positive effects. The second variation is that the negative significant income effects of low-tech 

exports observed for the baseline and the high-income samples appear to be insignificant for the 
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low-income group. This implies that, for low-income economies, the low-tech manufacturing – 

such as production of textiles, production of standardized consumer goods, and food processing 

has provided job opportunities for the females relative to males, assisting to reduce fertility. The 

reduced fertility may have provided the opportunity for parents to invest more in each child, as 

predicted by the QQ-tradeoff framework of Galor and Mountford (2008), thus alleviating 

negative income effects from low-tech specialization. However, it is evident that low-tech 

specialization is still not capable of turning negative income effects into positive income effects 

for low-income economies. What we can conclude from these results, however, is that it is not 

so much the choice of trading partner or the level of development of trading economy that matters 

for determining income effects of trade, but rather what you trade.  

 

2.6 Concluding Remarks 

The trade literature has long focused on the income effects of aggregate trade openness, and yet, 

it has been difficult to establish a significantly positive relationship between income and trade 

openness (Harrison and Hanson, 1999; Rodríguez and Rodrik, 2000; Irwin and Terviö, 2002; 

Vamvakidis, 2002; Ortega and Peri, 2014; Deij et al., 2021). In this paper, we argue that the 

findings in the literature reflect that the aggregate trade tends to average out conflicting income 

effects of different types of goods.  

When we classify the traded good into various categories according to their degree of 

sophistication, we find that trade in high- and medium-high-tech manufactured goods has 

significant positive income effects, while trade in low- and medium-low-tech manufacturing and 

agricultural goods has significantly negative income effects. Thus, countries that trade in 

unsophisticated goods relative to their level of income tend to be adversely affected by trade, 

because trade in these goods does not lead to technology diffusion, effective producer selection, 

positive scale effects, and transmission of technology through the imports of intermediate 

products. 

In short, countries that specialize in the production of unsophisticated goods tend to lose 

from trade because of the poor learning by doing prospects of low-tech production, and because 

parents in these countries are incentivized to invest in quantity instead of quality of children. 

This is particularly true for trade in agricultural goods, where we find that a one-percentage point 

increase in agricultural trade in total GDP is associated with a 25% reduction in per capita income 

– a substantially larger negative income effect than that of low-tech manufacturing goods, where 

a one-percentage point increase has an income effect of -3.8%.  
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Returning to the recurring theme, ‘does trade cause growth?’, our results show that it is the 

composition of goods traded, and not the overall level of trade openness, that matters for income. 

In the income regressions – in which overall trade openness is conditional on the share of trade 

of goods with differentiated levels of sophistication – we find that trade openness generally does 

not influence per capita income. These results are consistent with the historical and contemporary 

anecdotal evidence. During the Second Industrial Revolution, Britain, France, and Germany 

would not have prospered and enjoyed the scale-advantages that they did, had they not embraced 

the world market with, as they were considered at the time, sophisticated manufacturers 

(Williamson, 2011). Latin America, by contrast, specialized in agricultural production during 

the second half of the 19th Century and ended up in a low-growth trap. More recent evidence 

points in the same direction: East and Southeast Asia would probably not have been miracle 

economies, had they not bet on specialization in relatively sophisticated goods (Fan, 2004). 

Bangladesh, instead, is currently specializing in low-tech manufacturing production –

predominantly textiles. Although the income effects of trade in low-tech manufacturing are not 

nearly as negative as they are for trade in agricultural goods, this may not be the right growth 

strategy. 

This finding raises the fundamental question of whether countries trading in low-tech 

goods should adapt a high-tariff policy, noting that the average tariff rate for low-income 

countries in 2017 was 11% (WDI, 2021, viewed on 2.1.2021). A potential way forward may be 

to 1) adapt a revenue-neutral differentiated tariff policy, in which the tariffs are inversely scaled 

by the OECD’s product classification according to the level of sophistication, and 2) invest in 

high-quality human capital and provide incentives to invest in R&D. Several East and South-

East Asian countries have managed to escape the low-income regimes that prevailed up to, and 

into, the second half of the 20th Century. These countries have managed to escape their low-

growth regimes by initially specializing in low-tech manufacturing production and subsequently 

moving into R&D-driven growth, aided by supply chains of high-tech production, high tariff 

walls, and growth promoting industry policies (Ang and Madsen, 2011). This template, however, 

may not be easy to follow by the contemporaneous low-income countries that typically specialize 

in low-tech production. The Asian miracle economies got onto a sustainable growth path at a 

time when low-tech products were substantially less sophisticated than they are today, and – 

more importantly – at a time when production was significantly less automated and, hence, more 

labour intensive than today. The robotization of tasks may render outsourcing of routine 



Chapter 2 

 

TRADE AND ECONOMIC GROWTH 

34 

 

manufacturing tasks superfluous and, consequently, prevent the developing countries from 

moving up the quality ladder.  
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Appendices   

2.A.1:  Estimation Strategy with Disaggregated Product Categories 

 

Consider first the following income regression model at the disaggregated level of product 

categories in which the coefficients of trade openness are the focus variables: 

 

 ln 𝑌𝑖𝑡 = 𝛼0 + 𝛼1 ln 𝑇𝑖𝑡
𝐻𝑇 + 𝛼2 ln 𝑇𝑖𝑡

𝑀𝐻𝑇 + 𝛼3 ln 𝑇𝑖𝑡
𝑀𝐿𝑇 + 𝛼4 ln 𝑇𝑖𝑡

𝐿𝑇 + 𝛼5 ln 𝑇𝑖𝑡
𝐴𝐺 

  + 𝛼6 ln 𝑇𝑖𝑡
𝑀𝑄 +  𝛼7 ln 𝑁𝑖𝑡 + 𝛼8 ln 𝐴𝑖𝑡 + 𝑿′𝜶 + 𝑒1,𝑖𝑡,   (2A.1) 

 

where Yi is income per capita; 𝑇𝑖𝑡
𝑘 is the share of  trade of product type k in total GDP; Ni is 

population size; Ai is country surface area; X is a vector of control variables; i signifies country 

i (home country); and ei is a stochastic error term. The product types considered are: HT = high 

tech; MHT = medium high tech; MLT = medium low tech; LT = low tech; AG = agricultural 

products; and MQ = mining and quarrying. The model is estimated using non-overlapping five-

year intervals to reduce the influence of random and cyclical fluctuations. 𝑋 is a vector of 

control variables which control the other factors that influence productivity through channels 

other than trade and similar to Eq. (1) in main paper.  The main paper is based on compressed 

version of Eq. (2A.1), where high-tech and medium high tech are treated as total high-tech 

products while medium low-tech and low-tech are treated as total low-tech products for the 

simplicity.   

 

2.A.2:  Key Parameter Estimates of Gravity Model with Alternatives 

 (1) Alternate Fixed Effects  

Table 2.A.1, below present the key parameters of the estimates of the gravity model for total 

and categorized trade openness under different fixed effects in the gravity equation namely (1) 

pair and year fixed effects and (2) importer (reporter), exporter (partner), importer (reporter) 

*year and year fixed effects. The table 4 of the main paper presents key parameter estimates of 

gravity equation with country (reporter and partner) and year fixed effects.  
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Table 2.A.1 Key Parameter Estimates of Gravity Equation (1996-2015) — Alternative Fixed Effects 

 

Notes:  1. The estimates are in 5-year intervals over the period 1996-2015. Numbers in parentheses are country pair level 

clustered standard errors. *, ** and *** denote 10%, 5% and 1% significance levels, respectively.  

2. The gravity regression also include the following geographic variables: population of reporter and partner, land area 

of reporter and partner, a dummy variable to capture landlocked feature of reporter and partner, a dummy to capture a common 

border between the country pair, interaction variables of border with other variables to capture the border effect on other 

geographic variables on trade. For brevity, the estimates of other variables are not reported.  

 

The key estimations with pair fixed effects are broadly in line with Feyrer, 2019, while the 

estimations with reporter, partner, reporter*year and year fixed effects are closer to baseline 

estimation with country and year fixed effects.   

 

(2) Disaggregated Product Categories. 

Table 2.A.2 presents the key parameter estimations of the gravity equation (Eq. 2A.1) with 

disaggregated product categories. The key parameter estimates of gravity equation for 

disaggregated level of products closely follow the estimates for aggregated product categories, 

discussed in the main paper.  

Gravity Variable Total 

Trade 

Openness 

(TT) 

High & 

Medium 

High-

Tech 

Trade  

Openness 

(THT) 

Medium  

Low-

Tech & 

Low-

Tech 

Trade  

Openness 

(TLT) 

Agri-

Trade 

Openness 

(AG) 

Mining 

and 

Quarryin

g Trade 

Openness 

(MQ)  

Total 

Trade 

Openness 

(TT) 

High & 

Medium 

High-

Tech 

Trade  

Openness 

(THT) 

Medium  

Low-

Tech & 

Low-

Tech 

Trade  

Openness 

(TLT) 

Agri-

Trade 

Openness 

(AG) 

Mining 

and 

Quarryin

g Trade 

Openness 

(MQ)  

ln(distance air) x i( 1996-00) 0 188*** 0 242*** 0 139*** 0 173** 0 098 -0 999*** -0 934*** -1 049*** -0 617*** -0 694*** 

 (0 036) (0 041) (0 045) (0 081) (0 159) (0 069) (0 074) (0 082) (0 115) (0 134) 

ln(distance air) x i( 2001-05) 0 118*** 0 097*** 0 113*** 0 144** 0 282 -1 051*** -1 076*** -1 078*** -0 603*** -0 484*** 

 (0 032) (0 030) (0 036) (0 063) (0 200) (0 056) (0 057) (0 070) (0 101) (0 124) 

ln(distance air) x i( 2006-10) 0 083*** 0 063*** 0 063*** 0 116*** 0 350* -1 087*** -1 102*** -1 150*** -0 666*** -0 600*** 

 (0 023) (0 017) (0 021) (0 040) (0 180) (0 048) (0 045) (0 062) (0 079) (0 114) 

ln(distance air) x i( 2011-15) 0 000 0 000 0 000 0 000 0 000 -1 149*** -1 130*** -1 154*** -0 632*** -0 806*** 

 ( ) ( ) ( ) ( ) ( ) (0 055) (0 046) (0 066) (0 072) (0 192) 

ln(distance sea) x i( 1996-00) -0 137*** -0 186*** -0 090** -0 073 -0 018 -0 135** -0 106* -0 121** -0 217** -0 187* 

 (0 030) (0 036) (0 037) (0 061) (0 133) (0 054) (0 058) (0 058) (0 088) (0 104) 

ln(distance sea) x i( 2001-05) -0 110*** -0 099*** -0 092*** -0 078 -0 261 -0 145*** -0 040 -0 164*** -0 282*** -0 408*** 

 (0 026) (0 026) (0 030) (0 049) (0 166) (0 041) (0 044) (0 047) (0 075) (0 104) 

ln(distance sea) x i( 2006-10) -0 069*** -0 049*** -0 053*** -0 089*** -0 277** -0 118*** -0 004 -0 126*** -0 302*** -0 281*** 

 (0 018) (0 014) (0 017) (0 030) (0 136) (0 036) (0 035) (0 043) (0 056) (0 091) 

ln(distance sea) x i( 2011-15) 0 000 0 000 0 000 0 000 0 000 -0 052 0 041 -0 102** -0 311*** -0 071 

 ( ) ( ) ( ) ( ) ( ) (0 042) (0 037) (0 048) (0 051) (0 153) 

Observations 80,579 63,839 71280 38,359 29,021 84, 259 67,760 75,232 41,764 31,982 

Country dummies No No No No No Yes Yes Yes Yes Yes 

Year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Pair dummies Yes Yes Yes Yes Yes No No No No No 

Reporter*year No No No No No Yes Yes Yes Yes Yes 
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Table 2.A.2 Key Parameter Estimates of Gravity Equation (1996-2015) — Disaggregated 

Categories 
 

Gravity Variable Total 

Trade 

Openness(

TT) 

High-Tech 

Trade  

Openness 

(HT) 

Medium 

High-Tech 

Trade  

Openness 

(MHT) 

Medium 

Low-Tech 

Trade  

Openness 

(MLT) 

Low-Tech 

Trade 

Openness 

(LT) 

Agri-

Trade 

Openness 

(AG) 

Mining and 

Quarrying 

Trade 

Openness 

(MQ)  

ln(distance air) x i( 1996-00) -0.989*** -0.424*** -1.123*** -1.083*** -0.933*** -0.580*** -0.658*** 

 (0.062) (0.104) (0.054) (0.075) (0.097) (0.110) (0.123) 

ln(distance air) x i( 2001-05) -1.047*** -0.691*** -1.254*** -1.044*** -0.963*** -0.594*** -0.539*** 

 (0.053) (0.074) (0.051) (0.080) (0.081) (0.096) (0.110) 

ln(distance air) x i( 2006-10) -1.078*** -0.775*** -1.272*** -1.046*** -1.056*** -0.631*** -0.510*** 

 (0.048) (0.057) (0.045) (0.075) (0.077) (0.080) (0.114) 

ln(distance air) x i( 2011-15) -1.174*** -0.868*** -1.321*** -1.078*** -1.152*** -0.702*** -0.833*** 

 (0.055) (0.057) (0.047) (0.092) (0.073) (0.072) (0.192) 

ln(distance sea) x i( 1996-00) -0.150*** -0.333*** -0.066 -0.056 -0.146** -0.258*** -0.147 

 (0.050) (0.094) (0.043) (0.066) (0.074) (0.085) (0.098) 

ln(distance sea) x i( 2001-05) -0.146*** -0.175*** 0.010 -0.178*** -0.141** -0.288*** -0.354*** 

 (0.040) (0.065) (0.041) (0.064) (0.060) (0.074) (0.096) 

ln(distance sea) x i( 2006-10) -0.118*** -0.098** 0.043 -0.183*** -0.068 -0.312*** -0.358*** 

 (0.036) (0.043) (0.035) (0.058) (0.056) (0.056) (0.087) 

ln(distance sea) x i( 2011-15) -0.036 -0.020 0.088** -0.132* -0.009 -0.265*** -0.076 

 (0.042) (0.044) (0.039) (0.068) (0.055) (0.051) (0.152) 

Observations 84,259 54,682 63,591 58,050 70,278 41,771 31,998 

𝑅2 0.634 0.761 0.752 0.388 0.516 0.520 0.347 

Country dummies Yes Yes Yes Yes Yes Yes Yes 

Year dummies Yes Yes Yes Yes Yes Yes Yes 

Pair dummies No No No No No No No 

Notes: 1.The estimates are in 5-year intervals over the period 1996-2015. Numbers in parentheses are country pair level clustered standard 

errors. *, ** and *** denote 10%, 5% and 1% significance levels, respectively.  

2.The gravity regression is also included other geographic variables namely, population of reporter and partner, land area of reporter 

and partner, a dummy variable to capture landlocked feature of reporter and partner, a dummy to capture a common border between the country 

pair, interaction variables of border with other variables to capture the border effect on other geographic variables on trade, reporter and partner 

fixed effects and year fixed effects. For brevity, the estimates of other variables are not reported.  
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Table 2.A.3 Income effects of Trade, IV Estimates (1996-2015) for Disaggregated Product 

Categories  
 Total trade 

 (TT) 

 

(1) 

High- tech 

trade (HT) 

 

(2) 

Medium 

High- tech 

trade 

(MHT) 

 

 

Medium 

low- tech 

Trade 

(MLT) 

 

 

Low- tech 

Trade (LT) 

 

Agri Trade  

(AG) 

 

 

 

Mining and 

quarrying 

trade (MQ) 

(5) 

         

Panel A : Trade Openness 

Second Stage Regressions 

Dependent Variable : ln(Real GDP per Capita ) 

𝐥𝐧 𝑻𝒊𝒕
𝒌   0.302** 0.199** 0.679*** -0.268*** -0.298** -0.543*** 0.125** 

 (0.139) (0.100) (0.168) (0.091) (0.117) (0.086) (0.053) 

Obs 563 546 546 546 546 546 546 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.639 0.762 0.762 0.762 0.762 0.762 0.762 

First Stage Regressions 

𝐥𝐧 𝑻𝒊𝒕
�̂�    0.869*** 1.010*** 0.826*** 0.731** 0.982*** 0.904*** 1.045*** 

 (0.041) (0.058) (0.101) (0.052) (0.031) (0.072) (0.061) 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Obs 563 546 546 546 546 546 546 

   

Panel B : Export Openness 

Second Stage Regressions 

Dependent Variable : ln(Real GDP per Capita ) 

𝐥𝐧 𝑬𝒊𝒕
𝒌  0.239*** 0.172*** 0.166*** -0.040 -0.096 -0.227*** 0.017 

 (0.071) (0.047) (0.054) (0.044) (0.066) (0.036) (0.022) 

Obs 565 543 543 543 543 543 543 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.648 0.752 0.752 0.752 0.752 0.752 0.752 
First Stage Regressions 

𝐥𝐧 𝑬𝒊𝒕
�̂�    0.991*** 0.968 *** 1.043*** 0.962*** 0.979*** 1.013*** 1.106*** 

 (0.027) (0.055) (0.046) (0.064) (0.039) (0.024) (0.034) 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Obs 565 543 543 543 543 543 543 

        

Panel C : Import Openness 

Second Stage Regressions 

Dependent Variable : ln(Real GDP per Capita ) 

        

𝐥𝐧 𝑴𝒊𝒕
𝒌  0.003 0.493*** 0.439* -0.605*** -0.283* -0.354*** 0.114 

 (0.103) (0.078) (0.133) (0.105) (0.091) (0.071) (0.049) 

Obs 564 563 563 563 563 563 563 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.633 0.730 0.730 0.730 0.730 0.730 0.730 
First Stage Regressions 

𝐥𝐧 𝑴𝒊𝒕
�̂�    0.813*** 1.008*** 0.888*** 0.727*** 0.882*** 0.910*** 0.962*** 

 (0.067) (0.026) (0.087) (0.069) (0.044) (0.072) (0.025) 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Obs 564 563 563 563 563 563 563 

Notes: The IV (2SLS) estimates are in 5-year intervals for sample countries over the period 1996-2015. Numbers in 

parentheses are country level clustered standard errors.  *, ** and *** denote 10%, 5% and 1% significance levels, respectively. 

The instruments for trade openness are based on the gravity equation that, in addition to geographic characteristics, includes 

country and year effects. In addition to predicted trade openness, the first-stage regression includes population size, land area 

and time effects. The baseline controls  (distance from the equator, institutional quality, and controls for  major oil producing 

economies and continents) are included in the regressions but not reported.  

 

2.A.3 Robustness of the Baseline Estimates 

In this section, we test the robustness of our findings using (1) disaggregated product categories 

as discussed in Eq. 2A.1, (2) different trade instruments constructed under alternative fixed 

effects in the gravity estimation, (3) different income measures in the structural equation, and 
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(4) lagged trade openness indicators in the income equation to test whether our maintained 

hypothesis holds in the long-run. Our overall finding is that trade in sophisticated products 

enhance the income per capita while trade in unsophisticated goods are detrimental for 

productivity. All the robustness checks as undergone below are evident in further reaffirming 

our findings.   

 

2.A.3.1 Income Effect of Trade for Disaggregated Product Categories 

The first- and second stage regressions with disaggregated product categories are presented in 

Table 2.A.3. In line with the findings of our baseline analysis, the coefficients for high-tech 

and medium high-tech trade openness are significantly and economically positive while the 

coefficients of medium low-tech, low tech and agriculture trade openness are significantly 

negative for income.   

 

2.A.3.2 Income Effect of Trade with Different Trade Instruments Constructed under 

Alternative Fixed Effects in the Gravity Estimation 

 

In this sub-section, the income effect of trade is measured using alternative trade openness 

measures instrumented from the gravity equation with different fixed effects. The baseline 

results strongly hold robust for alternative trade instruments as shown in Table 2.A.4. 

 

2. A.3.3 Income Effect of Trade under Alternative Income Measures in the Structural 

Equation 

The real GDP per capita from World Development Indicators (WDI) is used for the baseline 

analysis. As seen in Table A5, the coefficients in the second stage income equation are almost 

identical to the baseline results.     
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Table 2.A.4 Income effects of Trade (IV) — Alternative Trade Openness Instruments  
 

Dependent Variable : ln(Real GDP per Capita )  

Panel A: Total Trade 
 

 

Baseline 

Gravity FEs: IMP 

EXP YEAR 

Scenario (1) 

Gravity FEs: PAIR 

YEAR 

Scenario (2) 

Gravity FEs: IMP 

EXP YEAR 

IMP*YEAR  

Scenario (3) 

Gravity FEs: IMP EXP 

YEAR 

𝑙𝑛𝑇𝑖𝑡
𝑇𝑇 0.302**  0.335**  0.493***  0.300**  

 (0.139)  (0.142)  (0.173)  (0.144)  

𝑙𝑛𝑇𝑖𝑡
𝐻𝑇_𝑀𝐻𝑇  0.833***  0.774***  0.648***  0.793*** 

  (0.127)  (0.126)  (0.143)  (0.121) 

𝑙𝑛𝑇𝑖𝑡
𝑀𝐿𝑇_𝐿𝑇  -0.718***  -0.521***  -0.447***  -0.713*** 

  (0.175)  (0.154)  (0.162)  (0.170) 

𝑙𝑛𝑇𝑖𝑡
𝐴𝐺   -0.466***  -0.392***  -0.632***  -0.449*** 

  (0.086)  (0.100)  (0.117)  (0.079) 

𝑙𝑛𝑇𝑖𝑡
𝑀𝑄

  0.103***  0.121***  0.204***  0.110** 

  (0.045)  (0.046)  (0.064)  (0.044) 

Year FE in income equation Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 563 551 557 539 563 539 563 551 

R-Squared 0.639 0.751 0.639 0.763 0.629 0.667 0.662 0.770 

Panel B: Exports 

 
Baseline 

 

Scenario 

(1) 

Scenario 

(2) 

Scenario 

(3) 

𝑙𝑛𝑋𝑖𝑡
𝑇𝑇 0.239***  0.250***  0 259***  0.240***  

 (0.071)  (0.069)  (0.076)  (0.070)  

𝑙𝑛𝑋𝑖𝑡
𝐻𝑇_𝑀𝐻𝑇  0.326***  0.314***  0.346***  0.309*** 

  (0.044)  (0.049)  (0.049)  (0.043) 

𝑙𝑛𝑋𝑖𝑡
𝑀𝐿𝑇_𝐿𝑇  -0.111**  -0.080  -0.263***  -0.110* 

  (0.067)  (0.089)  (0.076)  (0.063) 

𝑙𝑛𝑋𝑖𝑡
𝐴𝐺   -0.211***  -0.192***  -0.198***  -0.206*** 

  (0.034)  (0.040)  (0.039)  (0.031) 

𝑙𝑛𝑋𝑖𝑡
𝑀𝑄

  0.003  0.048  0.026  0.008 

  (0.021)  (0.030)  (0.025)  (0.021) 

Year FE in income equation Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 565 550 559 536 565 542 565 550 
R-Squared 0.648 0.744 0.650 0.744 0.647 0.715 0.672 0.764  

Panel C: Imports 

 
Baseline 

 

Scenario 

(1) 

Scenario 

(2) 

Scenario 

(3) 

 0.003  0.020  0.493  -0.055  

𝑙𝑛𝑀𝑖𝑡
𝑇𝑇 (0.187)  (0.189)  (0.324)  (0.200)  

𝑙𝑛𝑀𝑖𝑡
𝐻𝑇_𝑀𝐻𝑇  0.990***  0.925***  1.286***  0.983*** 

  (0.172)  (0.169)  (0.253)  (0.162) 

𝑙𝑛𝑀𝑖𝑡
𝑀𝐿𝑇_𝐿𝑇  -0.880***  -0.807***  -0.755***  -0.902*** 

  (0.217)  (0.212)  (0.147)  (0.209) 

𝑙𝑛𝑀𝑖𝑡
𝐴𝐺   -0.388***  -0.372***  -0.711***  -0.361*** 

  (0.131)  (0.127)  (0.168)  (0.120) 

𝑙𝑛𝑀𝑖𝑡
𝑀𝑄

  0.092  0.136  0.219*  0.062 

  (0.093)  (0.091)  (0.120)  (0.089) 

Year FE in income equation Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 564 563 558 557 564 563 564 563 
R-Squared 0.633 0.717 0.635 0.722 0.600 0.615 0.657 0.740 

         

Fixed Effects in Gravity          

Reporter FE Yes Yes No No Yes Yes Yes Yes 
Partner FE Yes Yes No No Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes Yes Yes 

Reporter*Year FE No No No No Yes Yes No No 
Pair FE No No Yes Yes No No No No 

 

Notes:  1. The IV (2SLS) estimates are in 5-year intervals for sample countries over the period 1996-2015. Numbers in 

parentheses are country level clustered standard errors.  *, ** and *** denote 10%, 5% and 1% significance levels, 

respectively.  
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2.  Year fixed effects and other control variables as shown by Eq. 1 are included in all regressions but not reported for 

brevity.  

3.  Scenario 4 is similar to baseline in all aspects except the proxy for Institutional quality in scenario 4 is “executive 

respects the constitution (v2exrescon) of V-Dem data base, where as in baseline it is the Judicial constraints on the 

executive index,  (e_v2x_jucon) of V-Dem data base.  

4.  In all cases, F-statistic of excluded instruments in the first stage is above the minimum threshold of 10.  

 

Table 2.A. 5 IV Regressions, Robustness Analysis with Alternative Income Measures  
Total Trade Exports Imports 

 

Baseline: 

GDPPC 

WDI1  

 

GDPPC_

PWT2 

 

Baseline: 

GDPPC 

WDI1  

 

GDPPC_ 

PWT2 

 

Baseline: 

GDPPC 

WDI1  

 

GDPPC_ 

PWT2 

𝒍𝒏𝑻𝒊𝒕
𝑻𝑻 0.302** 0.243* 𝒍𝒏𝑬𝒊𝒕

𝑻𝑻 0.239*** 0.211*** 𝒍𝒏𝑴𝒊𝒕
𝑻𝑻 0.003 -0.031 

 (0.139) (0.134)  (0.071) (0.067)  (0.187) (0.185) 

Year FE Yes Yes Year FE Yes Yes Year FE Yes Yes 

Obs 563 552 Obs 565 554 Obs 564 553 

𝑹𝟐 0.639 0.643 𝑹𝟐 0.648 0.649 𝑹𝟐 0.633 0.643 

𝒍𝒏𝑻𝒊𝒕
𝑻𝑯𝑻 0.833*** 0.785*** 𝒍𝒏𝑬𝒊𝒕

𝑻𝑯𝑻 0.326*** 0.314*** 𝒍𝒏𝑴𝒊𝒕
𝑻𝑯𝑻 0.990*** 0.840*** 

 (0.127) (0.115)  (0.044) (0.043)  (0.172) (0.179) 

𝒍𝒏𝑻𝒊𝒕
𝑻𝑳𝑻 -0.718*** -0.618*** 𝒍𝒏𝑬𝒊𝒕

𝑻𝑳𝑻 -0.111** -0.093 𝒍𝒏𝑴𝒊𝒕
𝑻𝑳𝑻 -0.880*** -0.719*** 

 (0.175) (0.168)  (0.067) (0.068)  (0.217) (0.222) 

𝒍𝒏𝑻𝒊𝒕
𝑨𝑮 -0.466*** -0.476*** 𝒍𝒏𝑬𝒊𝒕

𝑨𝑮 -0.211*** -0.202*** 𝒍𝒏𝑴𝒊𝒕
𝑨𝑮 -0.388*** -0.452*** 

 (0.086) (0.082)  (0.034) (0.033)  (0.131) (0.132) 

𝒍𝒏𝑻𝒊𝒕
𝑴𝑸

 0.103*** 0.087** 𝒍𝒏𝑬𝒊𝒕
𝑴𝑸

 0.003 0.006 𝒍𝒏𝑴𝒊𝒕
𝑴𝑸

 0.092 0.117 

 (0.045) (0.043)  (0.021) (0.021)  (0.093) (0.092) 

Notes: 1.  GDP per capita, PPP at constant 2011 prices from World Development Indicators.  

            2.  Output side real GDP at chained PPP (in 2011 USD mn), “rgdpo” Of PWT, version 9.0 divided by population. 

3. In all cases, F-statistic of excluded instruments in the first stage is above the minimum threshold of 10. 

 

 

2.A.3.4 Lagged Trade Openness 

In this sub-section we lag openness one period (5 years) to allow for slow adjustment of income 

to changes in trade openness of up to 10 years (Table 2.A.6 and with two period’s lag (10 years) 

in Table 2.A.7).  This allowance is a useful check because it better caters for the adjustment of 

the key growth promoters such as R&D, education and investment to their long-run than 

regressions without out lagged regressors. Years of R&D effort, for example, are often required 

to produce useful innovations and students need years of education and on-the-job training before 

they reach their peak potential.  

The results are presented in Table 2.A.6 (5 years lag) and 2.A.7 (10 years lag). Compared 

to the baseline regressions the results with lagged regressors are quite similar. The gestation 

period for investment in production of sophisticated products in response to foreign trade 

opportunities is likely to be long given the time it takes up to recruit highly skilled personnel, 

finding foreign trading partners, establish supply chains and to succeed in the R&D – factors that 

are not likely to be high on the list for the production of unsophisticated products. The lagged 

effects of trade in agricultural products is also likely to exceed that of contemporary effects 

through the quantity-quality tradeoff in the fertility decision(Table A7). According to Galor and 

Mumford (2006), increasing trade opportunities in low-skill agricultural production lowers the 
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returns to education and, consequently, leads to higher fertility. As the income-effects of fertility 

changes take several years to take full effect (Madsen et al., 2020), we would expect the lagged 

income effects to exceed contemporaneous effects. 

 

Table 2.A.6 Income effects of Lagged Trade (5-Year lag) —  IV Estimates ( 1996-2015) 
 

 

Total Trade (TT) 

 

 

Total High tech 

Trade (HT_MHT) 

Medium-low- 

tech and Low- 

tech Trade 

(MLT_LT) 

Agri Trade  (AG) 

 

 

Mining and 

Quarrying Trade 

(MQ) 

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

Panel A : Trade Openness 

Second Stage Regressions 

Dependent Variable : ln(Real GDP per Capita ) 

𝑙𝑛𝑇𝑖𝑡−1 
0.352*** 0.783*** -0.613*** -0.452*** 0.106** 

 (0.131) (0.121) (0.168) (0.082) (0.043) 

Obs 561 549 549 549 549 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.668 0.768 0.768 0.768 0.768 

First Stage Regressions 

𝑙𝑛𝑇𝑖𝑡−1̂ 0.867*** 0.854*** 0.623*** 0.910*** 1.055*** 

 (0.027) (0.075) (0.036) (0.047) (0.070) 

P-Value of F-sat 0.000 0.000 0.000 0.000 0.000 

Obs 561 549 549 549 549 

 

 

Panel B : Export Openness 

Second Stage Regressions 

Dependent Variable : ln(Real GDP per Capita ) 

𝑙𝑛𝑇𝑖𝑡−1 0.259*** 0.304*** -0.073 -0.199*** 0.001 

 (0.067) (0.042) (0.063) (0.031) (0.020) 

Obs 563 548 548 548 548 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.678 0.761 0.761 0.761 0.761 

First Stage Regressions 

𝑙𝑛𝑇𝑖𝑡−1̂ 0.990*** 0.987*** 0.896*** 1.022*** 1.121*** 

 (0.024) (0.029) (0.044) (0.019) (0.027) 

P-Value 0.000 0.000 0.000 0.000 0.000 

Obs 563 548 548 548 548 

      

Panel C : Import Openness 

Second Stage Regressions 

Dependent Variable : ln(Real GDP per Capita ) 

𝑙𝑛𝑇𝑖𝑡−1 0.048 0.971*** -0.824*** -0.382*** 0.097 

 (0.178) (0.166) (0.211) (0.127) (0.090) 

Obs 562 561 561 561 561 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.658 0.736 0.736 0.736 0.736 

First Stage Regressions 

𝑙𝑛𝑇𝑖𝑡−1̂ 0.811*** 1.006*** 0.614*** 0.887*** 0.955*** 

 (0.046) (0.029) (0.055) (0.058) (0.030) 

P-Value 0.000 0.000 0.000 0.000 0.000 

Obs 562 561 561 561 561 
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Table 2.A.7 Income effects of Lagged Trade (10-Year lag),  IV Estimates ( 1996-2015) 
 

Total Trade (TT) 

 

 

High and Medium-

high- tech Trade 

(HT_MHT) 

Medium-low- 

tech and Low- 

tech Trade 

(MLT_LT) 

Agri Trade  (AG) 

 

 

Mining and 

Quarrying Trade 

(MQ) 

 

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

Panel A : Trade Openness 

Second Stage Regressions 

Dependent Variable : ln(Real GDP per Capita ) 

𝑙𝑛𝑇𝑖𝑡−2 
0.367*** 0.742*** -0.539*** -0.445*** 0.092** 

 (0.134) (0.113) (0.155) (0.081) (0.044) 

Obs 411 400 400 400 400 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.679 0.777 0.777 0.777 0.777 

First Stage Regressions 

𝑙𝑛𝑇𝑖𝑡−2̂ 0.857*** 0.929*** 0.602*** 0.926*** 1.054*** 

 (0.031) (0.044) (0.038) (0.056) (0.058) 

P-Value of F-sat 0.000 0.000 0.000 0.000 0.000 

Obs 411 400 400 400 400 

Panel B : Export Openness 

Second Stage Regressions 

Dependent Variable : ln(Real GDP per Capita ) 

𝑙𝑛𝑇𝑖𝑡−2 0.274*** 0.289*** -0.051 -0.173*** 0.001 

 (0.069) (0.044) (0.062) (0.030) (0.024) 

Obs 413 399 399 399 399 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.683 0.760 0.760 0.760 0.760 

First Stage Regressions 

𝑙𝑛𝑇𝑖𝑡−2̂ 1.005*** 0.984*** 0 923*** 1.030*** 1.136*** 

 (0.032) (0.034) (0.055) (0.021) (0.032) 

P-Value 0.000 0.000 0.000 0.000 0.000 

Obs 413 399 399 399 399 

 

 

Panel C : Import Openness 

Second Stage Regressions 

Dependent Variable : ln(Real GDP per Capita ) 

𝑙𝑛𝑇𝑖𝑡−2 0.043 0.995*** -0.853*** -0.399*** 0.102 

 (0.176) (0.158) (0.215) (0.129) (0.093) 

Obs 412 411 411 411 411 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.668 0.743 0.743 0.743 0.743 

First Stage Regressions 

𝑙𝑛𝑇𝑖𝑡−2̂ 0.812*** 1.042*** 0 576*** 0.899*** 0.904*** 

 (0.053) (0.033) (0.060) (0.070) (0.031) 

P-Value 0.000 0.000 0.000 0.000 0.000 

Obs 412 411 411 411 411 

Notes: country and year fixed effects in the gravity equation are considered in instrumenting the trade openness indicators in 

Table 2.A.6 and 2.A.7.  

 

2.A.4 Summary Statistics for Disaggregated Product Categories 

This section provides summary statistics for disaggregated product categories, product shares 

and statistics for different income groups, which take part in the various calculations in the 

main paper.  
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Table 2.A.8 Summary Statistics of the Key Variables (224 Countries, 1996-2015) — Disaggregated 

Product Categories  
Variables Obs. Mean Std. Dev. 

(overall) 

Std. Dev. 

(between) 

Std. Dev. 

(within) 

Actual total trade as a% of GDP (𝑇𝑇𝑇) 896 0.413 0.386 0.356 0.149 

Actual HT trade as a% of GDP (𝑇𝐻𝑇) 896 0.052 0.113 0.109 0.031 

Actual MHT trade as a% of GDP (𝑇𝑀𝐻𝑇) 896 0.095 0.104 0.099 0.032 

Actual MLT trade as a% of GDP (𝑇𝑀𝐿𝑇) 896 0.042 0.056 0.049 0.026 

Actual LT trade as a% of GDP (𝑇𝐿𝑇) 896 0.098 0.106 0.098 0.042 

Actual AG trade as a% of GDP (𝑇𝐴𝐺) 896 0.019 0.024 0.021 0.011 

Actual MQ trade as a% of GDP (𝑇𝑀𝑄) 896 0.051 0.094 0.081 0.048 

Actual total exports as a% of GDP (𝑋𝑇𝑇) 896 0.169 0.196 0.182 0.074 

Actual HT exports as a% of GDP (𝑋𝐻𝑇) 896 0.019 0.061 0.059 0.015 

Actual MHT exports as a% of GDP ( 𝑋𝑀𝐻𝑇) 896 0.029 0.056 0.054 0.017 

Actual MLT exports as a% of GDP (𝑋𝑀𝐿𝑇) 896 0.032 0.049 0.044 0.021 

Actual LT exports as a% of GDP (𝑋𝐿𝑇) 896 0.043 0.063 0.059 0.023 

Actual AG exports as a% of GDP (𝑋𝐴𝐺) 896 0.012 0.022 0.020 0.009 

Actual MQ exports as a% of GDP (𝑋𝑀𝑄)  896 0.033 0.090 0.077 0.046 

Actual total imports as a% of GDP (𝑀𝑇𝑇) 896 0.250 0.229 0.208 0.097 

Actual HT imports as a% of GDP  (𝑀𝐻𝑇) 896 0.035 0.063 0.059 0.021 

Actual MHT imports as a% of GDP  (𝑀𝑀𝐻𝑇) 896 0.070 0.061 0.055 0.026 

Actual MLT imports as a% of GDP  (𝑀𝑀𝐿𝑇) 896 0.013 0.015 0.012 0.010 

Actual LT imports as a% of GDP  (𝑀𝐿𝑇) 896 0.058 0.061 0.054 0.028 

Actual AG imports as a% of GDP  (𝑀𝐴𝐺) 896 0.009 0.010 0.008 0.006 

Actual MQ imports as a% of GDP  (𝑀𝑀𝑄) 896 0.023 0.032 0.029 0.014 

Population in reporting country, millions (pop) 844 30.98 123.02 121.90 7.88 

Land area of reporting country sq.kms (area) 896 608.25 1,795.62 1798.64 6.17e-14 

GDP per capita, PPP (constant 2011 international $) (gdp_pc) 737 17,270 20,271 19884.66 3778.75 

Notes: Table A8 reports summary statistics for 224 countries over the period 1996-2015 in 5-year intervals. 

 

Table 2.A.9: Summary Statistics — Trade Shares     
Variable Obs. Mean Std. Dev. 

Trade of THT in Total Trade (THT trade share) 658 0.34 0.16 

Trade of TLT in Total Trade (TLT  trade share) 658 0.47 0.17 

Trade of AG in Total Trade (AG  trade share) 658 0.05 0.05 

Trade of MQ in Total Trade (MQ  trade share) 658 0.12 0.15 

Exports of THT in Total Exports (THT exports share) 661 0.23 0.23 

Exports of TLT in Total Exports (TLT exports share) 661 0.47 0.24 

Exports of AG in Total Exports (AG exports share) 661 0.12 0.19 

Exports of MQ in Total Exports (MQ exports share) 661 0.16 0.27 

Imports of THT in Total Imports (THT imports share) 662 0.43 0.11 

Imports of TLT in Total Imports (TLT imports share) 662 0.47 0.13 

Imports of AG in Total Imports (AG imports share) 662 0.04 0.02 

Imports of MQ in Total Imports (MQ imports share) 662 0.10 0.08 

Notes: The total of trade shares may not exactly add up to a unit as the total trade values are extracted separately from the WITS 

database, while the individual categories are taken separately. Since the study follows the ISIC Rev 3.1 of UN for the 

categorization of Agriculture products, we do not take ISIC 05-Fishing as a part of Agriculture trade, where as the total trade 

includes ISIC 05, Fishing as well.   
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CHAPTER 3: Transmission of Trade Effects to Output: 

Differential Effects of High Sophistication to Low Sophistication of 

Traded Goods. 

 

3.1 Introduction 

While stressing the positive income effects of international trade, the previous chapter3 

highlights that the income elasticities of trade differ widely across categories of traded goods, 

thus suggesting that estimates using aggregate trade openness are unlikely to reveal the true 

growth effects of trade4. This is because of the heterogeneity of traded goods based on the 

sophistication level of embedded technology. The previous chapter finds that trade in high-tech 

goods has significant positive income effects, while trade in low-tech manufactured goods and 

agricultural products has negative income effects. This raises my next question as to why trade 

in products at different levels of sophistication can bring different effects on income. 

Products at different levels of sophistication deliver diverse effects on income, as the 

transmission mechanism will be different depending on the type of product. Despite extensive 

empirical literature in the area of trade-growth nexus, existing studies have not extensively 

examined the transmission channels. Hence, this paper is a contribution to the literature on 

international trade and growth, as it studies the transmission mechanism – specifically at the 

product category level. Understanding the transmission channel/s for trade in products at 

different technological levels will provide important insights for the formulation of policies to 

regulate international trade in a most efficient manner which enhances the income. They also 

shed light on policies with regard to public education, institutional quality, and intellectual 

property protections.   

On top of the trade-growth literature, this paper specifically adds to the contributions 

made by Busse and Groizard (2008), Alcalá and Ciccone (2004), Kim and Lin (2009), and 

Baldwin and Seghezza (1996) in the investigation of transmission channels of international 

trade. However, none of these studies have considered differential effects based on the product 

 
3 Chapter 2: Trade and Economic Growth: Does the Sophistication of Traded Goods Matter? 
4 A vast literature on international economics emphasizes the link between income and trade openness, while Frankel and 

Romer (1999) Does trade cause growth? were the first to introduce a convincing causality analysis regarding the income effect 

of trade openness using geographic characteristics in the gravity model to build an instrument for trade. Although Frankel and 

Romer (1999)’s findings are confirmed by the subsequent work by (Frankel and Rose, 2002; Dollar and Kraay, 2003; Noguer 

and Marc, 2005; Bolaky and Freund, 2008, among others),  Rodriguez and Rodrik (2000) and  Ortega and Peri (2014) highlight 

the non-robust nature of these results once controlled for omitted variables. 
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types. The studies by Levine and Renelt (1992), Harrison (1996), and Almeida and Fernandes 

(2008) focus on finding trade’s effect on factors of production. However, all of these studies 

are based on aggregate trade data, hence failing to capture the effectiveness of transmission 

channels based on the product type. Even though Busse and Groizard (2008) can be considered 

the closest, their study is limited to high-tech imports with a sample limited to OECD 

economies, which constrains the generalisation of the findings. Though Blanchard and Olney 

(2017) look at the effects of exports of products at different levels of sophistication on human 

capital, the outcome variable is taken as educational attainment of the adult population, which 

is not the preferred proxy to reflect the current decisions on human capital driven by the 

contemporary changes in international trade. Blanchard and Olney (2017) regress educational 

attainment with lagged exports, where educational attainment of the age group 15-24 is 

considered. Since exports are lagged by five years, they are essentially regressing educational 

attainment of the 20-29-year age group on exports in time ‘t’. This means that the regressions 

do not capture those in current education (enrolments). Although the earlier literature 

emphasises the importance of exports, subsequent studies have shown that imports are also 

similarly important for economic progress (Rodrik, 1999). This study makes a further 

contribution, as none of the previous studies have tested the transmission of channels of both 

export and import openness. 

To examine the transmission channels of trade to growth on the product category level, I 

use the augmented Solow model (Mankiw et al., 1992) with further augmentation by 

Nonneman and Vanhoudt (1996), which categorises the factors of production into physical 

capital, human capital, and innovation. Accordingly, total GDP per capita is segregated into 

physical capital, human capital, and technological know-how while assuming that depreciation 

rates are constant. These three factors of production are then regressed on the trade flows and 

other control variables to identify the transmission. Trade flows are often plagued by 

endogeneity in the literature due to the reverse causality running from international trade to 

income. In a more dynamic context, capital investment, human capital, and innovation may be 

endogenous, with respect to the economy’s trade policy. Hence, the endogeneity in the trade 

flows is addressed with instrumented trade values by extending the approach of Frankel and 

Romer (1999) and Feyrer (2019).    

This study identifies high-tech trade as being the most influential type of trade in enhancing 

investment in physical capital, human capital, and patents intensity. In other words, the effects 

of high-tech trade are transmitted via all three factors of production into income by way of 
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accumulation of physical capital, increase in school enrolments, and increase in patents 

applications, which in turn drives the domestic innovation capacity. On the other hand, negative 

effects of trade in low-tech and agriculture products are transmitted via human capital and 

patents intensity by way of discouraging school enrolments and lowering patents applications 

by residents. Hence, trade in high-tech products is identified as the way forward for the long-

run economic growth, because high-tech trade can enhance human capital development and 

innovation, which are the pivotal factors for growth.  

I also observe that the total trade openness (that is, exports + imports as a percentage of 

GDP) distorts the individual effects from exports and imports due to the setoff effect. This is 

in line with the findings of Busse and Groizard (2008), where it is stated that total trade does 

not matter in raising the income levels, but rather, trade composition – especially, technology 

imports. Therefore, in my analysis, I mainly discuss the transmission effects of exports 

openness and import openness of products at different levels of sophistication separately, 

instead of than total trade openness.  

Furthermore, this chapter examines whether the effectiveness of transmission channels 

differs according to the income level of the economies. The study finds that the transmission 

mechanism in high-income economies closely follows the whole sample, where high-tech trade 

acts as the main contributor in enhancing physical capital, human capital, and patent intensity, 

while low-tech and agriculture products destruct the accumulation of factors of production. For 

the low-income economies, it is found that none of the product categories are significant in 

improving factor accumulation. In addition, this study simulates international trade’s effect on 

output per capita via factors of production. For this exercise, findings from this paper are used 

alongside the relevant literature to simulate the effects of international trade through factors of 

production.  

The remainder of the paper is organised as follows. Section 3.2 discusses the theoretical 

literature supported with current empirical work on trade’s effects on factors of production; 

that is how trade can affect physical capital accumulation, human capital development, and 

innovation. The estimation strategy and data are detailed in Section 3.3, estimates are presented 

in Sections 3.4-3.7, and Section 3.8 concludes. 

 

3.2 Trade’s Effects on Factors of Production 

The income effect of international trade is well established. Traditional trade theory 

focuses on welfare improvements of trade openness through specialization gains – comparative 
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advantage driven production efficiency and consumption gains – and availability of a variety 

of products at lower costs. On the other hand, dynamic trade theory focuses on the dynamic 

gains, such as the accumulation of physical and human capital acquired through trade, due to 

increased savings and diffusion of technology (Baldwin, 1992).   

 

3.2.1 Fixed Capital  

The next key issue is to understand the mechanisms through which trade exerts an effect on 

economic growth. Let us first investigate the transmission via physical capital and R&D 

embodied intermediate goods. International trade can diffuse the benefits of technological 

advancement achieved by limited economies through its intensive R&D expenditure via 

knowledge embodied capital goods exports. Then, a country’s productivity will be dependent 

not only on the domestically-produced capital goods, but also on its access to foreign-produced 

capital goods and its capability to use them domestically. Especially, since the prices of capital 

goods are relatively cheaper in high-income economies, Lee (1995) argues that the low-income 

economies would benefit from the increase in efficiency of capital accumulation through 

imports. Hence, developing countries can achieve a higher growth rate by switching the portion 

of GDP that is devoted to the accumulation of domestically produced capital to importing 

efficient foreign-produced capital goods. This higher growth could be due to higher efficiency 

in foreign capital, as well as the lower relative price of foreign capital compared to domestic 

capital. The findings of Lee (1995) lay grounds to support the argument that economic growth 

is higher in a country that uses relatively more foreign-produced imported inputs than 

domestically produced inputs for investment. However, Eaton and Kortum (2001b)’s findings 

show that even though the relative price of the equipment is lower in developed countries as 

compared with developing countries, the reported price of the investment goods itself is higher 

in rich countries. Hence, poor countries face a higher relative price of equipment when 

importing due to trade distortions like tariff, non-tariff barriers, and costs associated with 

adopting foreign capital to domestic conditions, etc., which lead rich countries to gain more 

from trade in capital goods than poor countries do. In Section 3.6, I will investigate which 

argument is valid in the context of developing economies. 

According to Baldwin and Seghezza (1996) and Lee (1995), barriers to foreign trade 

adversely affect employment, depress investment – and, thereby, economic growth – due to 

reductions in capital goods, quality raw materials, and intermediate inputs. In other words, 

trade liberalization nurtures investment, as it allows the manufacturers to import efficient 
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capital goods at competitive prices. This is particularly important for the developing and less 

developed countries, as international trade provides the avenue for the acquisition of capital 

and intermediate goods that are essential for development. Levine and Renelt (1992) also 

suggest that trade and growth relationship occurs through investment, as they found a robust 

relationship between the share of trade in GDP and share of investment in GDP; it is worth 

noting, however, that their results are correlations, and – more importantly – that the relatively 

high saving rates in developing countries reflect high prices of capital (Caselli and Feyrer, 

2007). Hence, developing countries receive a lower level of capital for their savings. To 

increase the flow of capital to poor countries, price distortions, such as excessive taxes on 

capital goods, should be removed. 

 

3.2.2 Research and Development (R&D) 

Another stream of theoretical and empirical literature provides evidence on the 

technological transfers resulting from international trade. International trade is instrumental in 

technology diffusion through two basic mechanisms: (1) direct learning of foreign knowledge, 

and (2) utilising advanced and superior intermediate products invented abroad (Gong and 

Keller, 2003). Firstly, direct learning means that domestic firms who obtain innovative ideas 

free of charge can adopt this knowledge as it is (i.e., adopting the blueprint), or improve it 

further using domestic knowledge. If the stock of general knowledge that is available locally 

increases because of trade expansions – that is, international blueprints become part of the 

domestic stock of knowledge (Branstetter, 2001) then this speeds up the innovation rate in the 

R&D sector, and the growth will thus be accelerated. This is, however, conditional upon the 

complementarity of labour and technology: skilled labour and know-how that are available 

locally are complementary to new and advanced technologies (Basu and Weil, 1998; Acemoglu 

and Zilibotti, 2001). Trade-led competition induces innovation and investment in R&D by 

domestic firms to obtain a scale advantage, as domestic firms are exposed to larger markets 

with intense competition. Additionally, from the cost perspective, the cost of investment in 

R&D will be lower due to cost-free imported knowledge, hence enlarging the margins and 

thereby enabling export firms to have higher leverage in terms of pricing to face intense 

competition. Secondly, international trade can increase economic growth by facilitating 

research and development or learning by doing by way of providing a wider range of efficient 

and indispensable intermediate products (Grossman and Helpman, 1991; Rivera-Batiz and 

Romer, 1991; Coe and Helpman, 1995). Moreover, the availability of foreign-produced 
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materials provides more opportunities to produce high-quality inventions. Given the fact that 

trade facilitates innovation in general, trade lead technology diffusion is exclusively larger for 

high-tech products. In particularly, trade in high-technology products improves the quality of 

innovation by increasing the prevailing pool of R&D experiments worldwide, from which the 

best innovative idea is chosen for such development. Trade in high-technology products 

increases both efficiency and quality of invention by lowering the total number of inventors 

compared to the world without technology trade, so that the best inventors will survive 

(Spulber, 2008). As per Coe and Helpman (1995), a country’s productivity depends on its own 

R&D, as well as the R&D of its trading partners. Trade and innovation are thus closely 

associated and mutually benefiting. Trade will increase the market for both the innovator and 

the follower who applies the innovation, thus creating a spiral effect of innovation. However, 

this can also go the other way, and countries with poor R&D resources may lose out.  

 

3.2.3 Human Capital 

The next key channel, which is instrumental in transmitting trade’s effect on economic 

growth is the human capital channel. From the demand-side perspective, the production and 

trade in technologically advanced products encourage human capital accumulation and 

generation of ideas of production in the country, while trade in less skill-intensive (low-tech) 

products depresses average educational attainment (Blanchard and Olney, 2017). The work by 

Findlay and Kierzkowski (1983), using the Heckscher-Ohlin model of trade with endogenous 

skill acquisition, provides a hypothetical basis to link the export sector’s skill intensity to 

endogenous human capital investment. This provides a mapping from trade to education 

attainment showing how the relative prices of traded goods shape relative wages. Accordingly, 

this model shows that when a country that has a comparative advantage in high-skilled products 

increases its trade openness in high-tech trade, the relative price of high-tech intense goods will 

increase. This will drive the relative demand for high-skilled workers, thereby increasing the 

premium for high-skilled workers. The subsequent increase in return for education will 

promote more investment in schooling and increases in gross enrolments.  

As per Bernard and Jensen (1997) and Bernard et al. (2007), trade liberalisation raises 

the demand for skilled workers in highly competitive firms that compete internationally. This 

will lead to a higher level of school enrolment and an increase in years of schooling. In general, 

trade liberalisation enlarges the average firm’s size, as trade facilitates exporters to sell more 

output at the international market, thereby increasing the demand for both skilled and unskilled 
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labour due to increased production. The findings of Haq and Luqman (2014) also confirm that 

international trade (total trade) enhances economic growth through the accumulation of human 

capital. In their setup, human capital is taken in two different ways: (1) human capital which is 

accumulated through the formal education system, and (2) human capital that is accumulated 

via learning by doing. They find that both types of human capital have strong growth effects. 

Additionally, the countries that already have a higher level of human capital will gain more 

from trade liberalisation due to the fact that they have a higher level of learning by doing 

capacity, and thus, that the positive spiral effect between trade and growth can be expected. In 

the context of a credit constraint economy, Owen (1999) explained how incentives and the 

affordability of individuals to invest in human capital increase when trade openness increases. 

Especially in low-income countries, credit constraints play a major role in determining school 

enrolments. Consequently, countries with a lower level of human capital tend to increase the 

stock of human capital with increased trade openness. Accordingly, human capital plays a 

major role in transmitting trade’s effect on growth. 

My main focus is to examine how traded goods at different levels of sophistication can 

cause differential effects on factors of production. In order to have permanent growth effects, 

trade must influence economic growth through channels other than physical capital, unless 

there are constant or increasing returns to capital stock (Madsen and Ang, 2016). However, it 

is highly unlikely for capital stock to generate constant returns; thus, for trade to have 

permanent growth effects, there should be constant returns to ideas of production/innovation. 

According to the Schumpeterian model, innovation plays an important role in industrial 

competition, which leads to long-run economic growth. Because growth is a positive function 

of productivity of innovations, it highlights the importance of human capital – mainly higher 

education – as the device for growth enhancement. Higher productivity of research could be 

achieved by the countries that invest more in higher education (Aghion and Howitt, 2008). 

Hence, the generalization of transmission channels of trade effects to income does not generate 

a clear picture; it requires deep analysis at the disaggregate level of traded goods to shed light 

from a policy perspective.     

To that effect, the next section details the empirical strategy to identify the effects of 

trade in goods at different levels of sophistication on the various factors of production. 
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3.3 Estimation Strategy and Data 

3.3.1 Estimation Strategy 

3.3.1.1 Solow Growth Model  

My analysis is primarily based on the augmented Solow model (Mankiw et al., 1992) 

which was further augmented by Nonneman and Vanhoudt (1996), where the factors of 

production are categorised into raw labour, physical capital, human capital, and technological 

know-how (innovation). Technological know-how is also considered as another form of capital 

that is used as an input in production. Furthermore, it is assumed that the market for 

technological know-how is perfect, and that there are no externalities, spill-overs, or increasing 

returns from the technological know-how. Under these assumptions, I apply the following 

Cobb-Douglas type production function; 

 

𝑌𝑡 = 𝑐𝐿𝑡
(1−∑ 𝛼𝑗

𝑚
𝑗=1 ) 𝐾1𝑡

𝛼1 , … , 𝐾𝑚𝑡

𝛼𝑚 ,                                                                                       (3.1) 

where, 𝑌 is output; L is labour (effective), K is capital of type 𝑗 (𝑗 = 1, … , 𝑚); 𝑐 and 𝛼𝑗 are 

constants, while 𝛼𝑗  represent share of each capital “j” in total output. Assume labour L grows 

at the rate of  𝑛 due to the growth in population and labour productivity. Assume 𝑠𝑘, 𝑠ℎ 𝑎𝑛𝑑 𝑠𝜏  

to be the fraction of income invested in physical capital, human capital, and know-how, 

respectively. Let us define 𝑘𝑡 , ℎ𝑡,  and 𝜏𝑡 as the stock of physical capital, stock of human capital, 

and stock of know-how per unit of labour, respectively. Therefore, the evolution of the 

economy is determined by the accumulation of 𝑘𝑡,ℎ𝑡 and 𝜏𝑡 as follows; 

 

�̇�𝑡 =  𝑠𝑘𝑦𝑡 − (𝑛 + 𝛿𝑘)𝑘𝑡,                                                                                              (3.2) 

ℎ�̇� =  𝑠ℎ𝑦𝑡 − (𝑛 + 𝛿ℎ)ℎ𝑡,                                                                                              (3.3) 

𝜏�̇� =  𝑠𝜏𝑦𝑡 − (𝑛 + 𝛿𝜏)𝜏𝑡,                  (3.4) 

 

where, 𝑦 = 𝑌/𝐿,  𝑘 = 𝐾/𝐿,  ℎ = 𝐻/𝐿 and  𝜏 = 𝑇/𝐿 are all given as quantities per unit of 

labour. 𝛿𝑗 are the rates of depreciation of each capital and 𝑛 is the growth rate of labour.  

At the steady state level of the economy, substituting steady state level of physical capital, 

human capital, and know-how into the production function and taking logs will generate an 

equation for income (GDP) per capita as follows; 
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ln(𝑦∗) =  
𝑐

1−∑ 𝛼
+ 

𝛼1

1−∑ 𝛼
[ln(𝑠1) − ln(𝑛 + 𝛿1)]+ …….+ 

𝛼𝑚

1−∑ 𝛼
[ln(𝑠𝑚) − ln(𝑛 + 𝛿𝑚)]  + 휀𝑗 

(3.5) 

From this model, the empirical specification for the textbook Solow model with only 

physical capital (m=1) in the production function can be written as follows; 

ln(𝑦∗) = 𝛼0 +
𝛼1

1−𝛼1
ln(𝑠1) −

𝛼1

1−𝛼1
ln(𝑛1 + 𝛿) + 휀1             (3.6) 

 

In the model under consideration, I assume 𝑚 = 3, because of three types of capital: 𝑘 =  

physical capital, ℎ= human capital, and 𝜏= technological know-how. Therefore, I can rewrite 

eq (3.6) as follows for a country “i” at time t; 

 

ln(𝑌/𝐿)𝑖,𝑡 = 𝑙𝑛𝐴0 −
𝛼𝑘+𝛼ℎ+𝛼𝜏

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln(𝑛𝑖,𝑡 + 𝛿)  +

𝛼𝑘

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln 𝑠𝑘𝑖,𝑡

+
𝛼ℎ

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln 𝑠ℎ𝑖,𝑡

+

 
𝛼𝜏

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln 𝑠𝜏𝑖,𝑡

                                                                                                             (3.7) 

 

In this model, I assume that depreciation rates are at a constant rate of 𝛿 across countries 

and across different types of capital. However, as the term 𝐴0 does not just only represent the 

level of technology, but also the resource endowments and institutions at country level, it is 

assumed to vary across countries. Hence, I assume that,    

 

𝑙𝑛𝐴0 = 𝑎 +  휀𝑖,                                                                                                                      (3.8) 

 

where, 𝑎 is the constant and 휀𝑖 represents country-specific shock. Therefore, the log income 

per capita for simplicity can be specified as follows for every country i;  

 

ln(𝑌/𝐿)𝑖,𝑡 = 𝑎 −
𝛼𝑘+𝛼ℎ+𝛼𝜏

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln(𝑛𝑖,𝑡 + 𝛿) +

𝛼𝑘

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln 𝑠𝑘𝑖,𝑡

+
𝛼ℎ

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln 𝑠ℎ𝑖,𝑡

+

 
𝛼𝜏

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln 𝑠𝜏𝑖,𝑡

  + 휀𝑖                                                                                                                 (3.9) 

 

It is further assumed that 𝑠𝑘, 𝑠ℎ, 𝑠𝜏, and 𝑛 are independent of country-specific factors 

changing the production function, thus independent of the error term. Equation (3.9) shows 

how income per capita is dependent on the growth of population (𝑛), accumulation of physical 

capital (𝑠𝑘), accumulation of human capital (𝑠ℎ),  and know-how (𝑠𝜏). On priori grounds, I 
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expect the growth in population (𝑛𝑖) lowers the per capita income (𝑌/𝐿), as all types of capital 

should be spread out over a large population. Accumulation of all types of capital is expected 

to have a positive impact on the economy.  

 

3.3.1.2 Trade, Output Relationship   

Reverting to the main research question; how trade effects are transmitted to the income, 

I first need to establish a relationship between trade and income. In this regard, I assume the 

same structural equation as I have followed in the Chapter 2 “Trade and Economic Growth: 

Does the Sophistication of Traded Goods Matter?”, which is an extension of Frankel and 

Romer (1999).  

 

ln 𝑦𝑖,𝑡 = 𝛼0 + 𝛼1 ln 𝑇𝑖𝑡
𝑇𝐻𝑇 + 𝛼2 ln 𝑇𝑖𝑡

𝑇𝐿𝑇 + 𝛼3 ln 𝑇𝑖𝑡
𝐴𝐺 + 𝛼4 ln 𝑇𝑖𝑡

𝑀𝑄 +  𝛼5 ln 𝑁𝑖𝑡 +

𝛼6 ln 𝐴𝑖𝑡 + 𝑿′𝜶 + 𝑒𝑖𝑡,                 (3.10) 

 

where 𝑦𝑖 represents real income per capita for country “i” in time t  ; 𝑇𝑖𝑡
𝑘 is the share of 

trade of product category k in total GDP; Ni is population size; X is a vector of control variables; 

i signifies country i (home country); eit is a stochastic error term; and Ait is country surface area, 

which is approximately constant over time t. As I am interested in products at disaggregated 

level, I consider four categories of products grouped according to the level of research and 

development intensity of each sector, namely: high-tech, THT; low-tech, TLT; agricultural 

products, AG; and mining and quarrying, MQ, which is similar to the categorisation in Chapter 

2.  

In the structural equation (3.10), however, country-fixed effects are not included as the 

instrument for trade is being developed using the gravity equation. The inclusion of country 

fixed effects will absorb the identifying cross-country variation in the geographic 

characteristics coming from the gravity equation. Hence, in the absence of country fixed 

effects, in order to control for factors other than trade affecting growth, the following set of 

control variables are included in the model: executive constraints (complying with court 

rulings) as a proxy for the institutional quality, distance from the equator to control for the soil 

quality and weather effects, a dummy variable for major oil-producing countries, and 

continental and time dummies. All of the regressions are estimated using five-year non-

overlapping intervals to minimise the effect of random and cyclical fluctuations.  
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As this exercise aims to identify the transmission channel of effects of international trade 

on income, the left-hand side variable of equation (3.10) is replaced with each factor of 

production because, as shown by equation (3.9), I segregate the total GDP per capita into 

physical capital, human capital, and technological know-how, while assuming that depreciation 

rates are constant. This comprises the regression of each factor of production on the trade flows, 

land area, population, distance from the equator, institutional quality, and dummy variables to 

control for major oil-producing economies, continents and for the year effects. Chapter 2 

discusses that trade in high-tech products is favourable for an economy in terms of increased 

per capita income, while trade in low-tech and agricultural goods are detrimental to economic 

growth. Therefore, this exercise will investigate the channel/s through which positive and 

negative effects of the trade from products at different levels of sophistication are being 

transmitted to income per capita, along with the degree of such impact.    

 

The following three equations are used for the factor of production in which the coefficients 

of trade openness of each product type are the focus variables: 

 ln 𝑠𝑘,𝑖𝑡 = 𝛼0 + 𝛼1 ln 𝑇𝑖𝑡
𝑇𝐻𝑇 + 𝛼2 ln 𝑇𝑖𝑡

𝑇𝐿𝑇 + 𝛼3 ln 𝑇𝑖𝑡
𝐴𝐺 + 𝛼4 ln 𝑇𝑖𝑡

𝑀𝑄
 

+ 𝛼5 ln 𝑁𝑖𝑡 + 𝛼6 ln 𝐴𝑖𝑡 + 𝑋′𝛼 + 𝑒𝑖𝑡,             (3.11) 

ln 𝑠ℎ,𝑖𝑡 = 𝜇0 + 𝜇1 ln 𝑇𝑖𝑡
𝑇𝐻𝑇 + 𝜇2 ln 𝑇𝑖𝑡

𝑇𝐿𝑇 + 𝜇3 ln 𝑇𝑖𝑡
𝐴𝐺 + 𝜇4 ln 𝑇𝑖𝑡

𝑀𝑄
 

+ 𝜇5 ln 𝑁𝑖𝑡 + 𝜇6 ln 𝐴𝑖𝑡 + 𝑋′𝜶 + 𝑒𝑖𝑡,             (3.12) 

ln 𝑠𝜏,𝑖𝑡 = 𝛽0 + 𝛽1 ln 𝑇𝑖𝑡
𝑇𝐻𝑇 + 𝛽2 ln 𝑇𝑖𝑡

𝑇𝐿𝑇 + 𝛽3 ln 𝑇𝑖𝑡
𝐴𝐺 + 𝛽4 ln 𝑇𝑖𝑡

𝑀𝑄
 

+ 𝛽5 ln 𝑁𝑖𝑡 + 𝛽6 ln 𝐴𝑖𝑡 + 𝑋′𝜶 + 𝑒𝑖𝑡,             (3.13) 

 

where 𝑠𝑘 represents physical capital, which is the real gross investment as a percentage of 

real GDP, 𝑠ℎ stands for the human capital, which is the weighted gross enrolment rate, and 

 𝑠𝜏 represents the technological know-how, which is the patents intensity; 𝑇𝑖𝑡
𝑘 is the share of 

trade of product category k in total GDP; Ni is population size; X is same set of control variables 

used in all three equations, namely: distance from the equator, institutional quality, and dummy 

variables to control for major oil producing economies, continents and for the year effects; i 

signifies country i (home country); eit is a stochastic error term; and Ait is country surface area, 

which is approximately constant over time, t.  
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3.3.1.3 Estimation of Trade Flows Using Gravity Equation    

In order to address the endogeneity of the trade flows, a dynamic version of the static 

Frankel-Romer IV strategy is used, in which bilateral trade predicted from the gravity model 

is utilised to form an instrument for trade openness. Similar to Chapter 2, I estimate a predicted 

trade share of each category for total trade, T, exports, E, and imports, M, separately using the 

gravity equation as specified in equation (3.14), as it is expected that the effects of exports on 

these three factors of production will be different from those of imports, due to the execution 

of different transmission channels for exports and imports. The key findings of gravity 

estimates are presented in Table 3.A.1 of the annexure5.   

Following Frankel and Romer (1999), the estimation of the share of trade is based on 

geographic characteristics only. However, the construction of trade share – which is the 

dependent variable of each sub-model – deviates slightly from Frankel and Romer (1999) to 

address the impact of changes in prices on each category of traded goods. The real trade values 

of low-tech (TLT), agricultural products (AG), and mining and quarrying (MQ) are generated 

by deflating the nominal trade values by GDP deflator. However, the GDP deflator does not 

represent the actual changes in prices of high-tech products over the last few decades. The rapid 

technological advancement during the long period of time has resulted in a continuous 

reduction in prices for high-tech products. Therefore, for high-tech (THT), nominal trade value 

is deflated by the investment price index for machinery and equipment, as it is the closest 

representation of price changes for the THT category.  

 

Ln
𝜏𝑖𝑗𝑡

𝑘

𝐺𝐷𝑃𝑖𝑡
=  𝛽0 +  𝛽𝑡

𝑁 ln 𝑁𝑖𝑡 + 𝛽𝑡
𝐴 ln 𝐴𝑖𝑡 + 𝛽𝑡

𝐴𝑖 ln 𝐷𝑖𝑗
𝐴𝑖𝑟 + 𝛽𝑡

𝑆 ln 𝐷𝑖𝑗
𝑆𝑒𝑎 + 𝛽2𝑡

𝑁 ln 𝑁𝑗𝑡 +  𝛽2𝑡
𝐴 ln 𝐴𝑗𝑡   

 + 𝛽𝑡
𝐿(𝐿𝑖 + 𝐿𝑗) +  𝛽𝑡

𝐵𝐵𝑖𝑗 +  𝛽𝑡
𝐵𝐴𝑖𝐵𝑖𝑗 ln 𝐷𝑖𝑗

𝐴𝑖𝑟 + 𝛽𝑡
𝐵𝑆𝑒𝑎𝐵𝑖𝑗 ln 𝐷𝑖𝑗

𝑆𝑒𝑎 +  𝛽𝑡
𝐵𝑁𝐵𝑖𝑗 ln 𝑁𝑖𝑡

 + 𝛽2𝑡
𝐵𝑁𝐵𝑖𝑗 ln 𝑁𝑗𝑡 + 𝛽𝑡

𝐵𝐴𝐵𝑖𝑗𝐴𝑖𝑡 + 𝛽2𝑡
𝐵𝐴𝐵𝑖𝑗𝐴𝑗𝑡 + 𝛽𝑡

𝐵𝐿𝐵𝑖𝑗(𝐿𝑖 + 𝐿𝑗) +  𝛾𝑖 + 𝛾𝑗 + 𝛾𝑡 + 휀𝑖𝑗, 

                   (3.14)           

 

where GDP is nominal GDP divided by GDP deflator; 𝜏𝑖𝑗𝑡
𝑘  is the real value of bilateral 

trade/export/import of product category k between country i and j; 𝐷𝑖𝑗
𝐴𝑖𝑟 is the population-

weighted great circle distance between countries i and j; 𝐷𝑖𝑗
𝑆𝑒𝑎 is the sea distance between 

 
5 Equation 3.14 is also estimated with pair effects, 𝛾𝑖𝑗, replacing the country effects, 𝛾𝑖 and 𝛾𝑗. However, the 

results from 2SLS equations do not differ significantly on the choice of country or pair fixed effects in the gravity 

model in estimating the trade values. Hence, we use trade values estimated with country-fixed effects in the gravity 

model throughout the analysis.   
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countries i and j; A is land area; N is population; L is a dummy variable which takes on the 

value of 1 for landlocked countries, and zero otherwise; Bij is a dummy variable taking the 

value of 1 if countries i and j share a border, and zero otherwise; 𝛾𝑖 and 𝛾𝑗 are reporter (which 

is the home country) and partner country effects; 𝛾𝑡 is time effects; and 휀 is a stochastic error 

term. All nominal variables are denominated in yearly USD. 

Equation 3.14 is an extension from Frankel and Romer (1999) with sea distance, country 

effects/pair effects, and time effects. Furthermore, following the approach of Pascali (2017) 

and Feyrer (2019), the time-invariant variables – namely, sea distance and air distance – are 

allowed to vary over time. Further extending Pascali (2017) and Feyrer (2019), other time-

invariant variables – namely, land area, common border, and landlockedness – are also 

permitted to vary over time, in order to reflect the potential impact from the variation in 

geographic variables on trade due to the adaptation of better communication technologies. For 

example, due to the development of communication and transportation technology, the “land 

area” is not a static variable for today’s trade and, with the change in border rules and 

regulations, the variable “common border” will have changing effects on trade. Moïsé and 

Sorescu (2013) analysed the effect of changes in border procedures, such as availability of 

more information relating to international trade; automation, simplification and harmonization 

of documents; and streamlining of custom procedures and found that improvements in these 

areas have a greater impact on reducing trade cost, thus promoting trade by lower-middle and 

upper middle-income countries.   

This study employs data at the disaggregated product level. Hence, the availability of 

zero observations at the bilateral level is more frequent. I use the Poisson Pseudo-Maximum-

Likelihood (PPML) estimation technique of Silva and Tenreyro (2006) to estimate equation 

(3.14) accommodating zero bilateral trade values. Finally, the standard errors are clustered 

across country pairs.  

The predictions of equation (3.14) are used to form an instrument, �̂�𝑖𝑡
𝑘, for country i’s 

share of trade in product type k in total GDP at time t:  

 

  �̂�𝑖𝑡
𝑘 = ∑ 𝑒

ln(
𝜏𝑖𝑗𝑡

𝑘

𝐺𝐷𝑃𝑖𝑡
)

̂

𝑗≠𝑖 ,               (3.15) 

 

where 𝜏𝑖𝑗𝑡
𝑘 /𝐺𝐷𝑃𝑖𝑡

̂  includes all countries with which country i can potentially trade. As 

explained in Chapter 2, I include all possible ij combinations in Eq. (3.14), even if the trade 
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between two countries is zero or unrecorded, in order to avoid the violation of exclusion 

restriction (Deij et al., 2021). 

 

3.3.2 Data  

Bilateral annual trade data from 1996 to 2015 was obtained from the WITS (World 

Integrated Trade System), which sourced data from the COMTRADE database. The sub-

categorization of manufacturing goods follows the ISIC Revision 3 Technology Intensity 

Definition (OECD, 2003), while agricultural, hunting, and forestry (AG); and mining and 

quarrying (MQ) are defined based on the ISIC Revision 3.1 of United Nations (United Nations, 

2008). In my analysis, the manufacturing industries are regrouped according to the intensity of 

R&D expenditure for ease in interpretation. Accordingly, HT and MHT are taken together as 

Total High-tech (THT), and MLT and LT are taken together as Total Low-tech (TLT).  

As a proxy for institutional quality, I use the variable ‘v2x_jucon’ from the V-Dem 

database, which shows the extent to which the executive respects the constitution and complies 

with court rulings, ranging in the interval 0-1, where 0 is for the least respect and 1 is for the 

highest respect. The CEPII gravity database is used to source geographic variables, namely: 

area, landlocked dummy, latitudinal coordinates, population-weighted great circle bilateral 

distance, common border dummies, and population size. The data on GDP at current prices and 

the real GDP per capita is taken from the World Development Indicators (WDI). Sea distance 

data is taken from the CERDI Sea Distance Database of Bertoli et al. (2016), which contains 

bilateral maritime distance between 227 countries.  

Real investment in fixed assets is calculated as the sum of investment in machinery and 

equipment, transport equipment, and in other assets (which are the assets other than non-

residential structures, machinery and equipment and transport equipment) at current prices 

deflated by respective investment price index. All investment data at current prices and the 

respective price indices are from Penn World Table, PWT Mark 10. The considered price 

indices are investment price index for machinery and (non-transport) equipment (2017=1), 

investment price index for transport equipment (2017=1), and investment price index for other 

assets (2017=1). The constructed real investment variable serves well as the proxy for physical 

capital for two reasons; i) it captures the real increase in the investment during the period 

without price effects, and ii) it does not include investment in residential structures which do 

not contribute to the production of the economy. Real investment is then taken as a percentage 

of real GDP.   
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Human capital is proxied by the weighted sum of gross enrolment rates for primary 

schools, secondary schools and tertiary level (GER). The gross enrolment ratio is calculated as 

follows; (Primary enrolments*7/17+secondary enrolments*5/17+tertiary enrolments*5/17)/3. 

I use gross enrollment ratio (GER), as opposed to the stock of human capital for the following 

reasons. The stock of human capital reflects accumulated stock of knowledge over a long 

period of time, which is not affected by the current macroeconomic factors such as the level of 

trade; hence, the GER is the most reasonable choice to reflect the effect of trade on the 

construction of human capital stock. The GER is thus considered comparatively as a better 

proxy. Following the growth and trade literature, human capital is expected to be a positive 

function of high-tech trade, and a negative function of low-tech and agricultural trade.   

Patents intensity, which is the number of patent applications submitted by residents 

divided by the population, is used as the proxy for innovation. I believe that patents intensity 

is a better proxy for innovation than R&D expenditure, due to the fact that R&D expenditure 

is the input for innovation output, rather than a measure of innovation occurring in the economy 

(Crosby, 2000). The number of patent applications can be considered a good indicator6 of the 

level of innovation, and every patent application has a reasonable success rate (Fagerberg et 

al., 2005). Production and exports of high sophisticated goods promote the generation of new 

ideas domestically. In order to safeguard the competitive edge, high-tech exporting economies 

continuously engage in the generation of new ideas. Hence, patent intensity is expected to be a 

positive function of high-tech exports. However, the effect of imports of high-tech products on 

patenting is ambiguous, because from one perspective, there could be an increasing demand 

for innovative ideas to develop the local knowledge to absorb and adopt the foreign knowledge 

available via imports, whereas from the other standpoint, the import competition may cause 

firms in high-tech industries to withhold their innovations from patenting – otherwise, their 

intellectual property will be released into the public domain. Low technological products, such 

as textiles and agricultural products, do not require a higher level of technological 

advancement, neither for the exporting economy nor for importing economy; hence, it is 

expected that increasing trade in low-tech and agricultural products will lower patent intensity.   

 

 
6 Patent intensity is considered as the most popular technology outcome variable and is regularly used in the 

literature. Using patent intensity as an indicator for innovation has many advantages, including representing the 

outcome of the innovation process which has a business impact, and the availability of patent statistics in a large 

number of countries for long time series. Though we acknowledge that not all inventions are patented, the quality 

of patents varies over time and not all inventions are technically patentable, however, the law of large numbers is 

assumed to smooth out the average quality of patents. 



Chapter 3 

TRANSMISSION OF TRADE EFFECTS   

64 

 

3.3.3 Summary Statistics  

The summary statistics are provided in Table 3.1. As I explained in Chapter 2, the within-

country variation in the data is significantly lower than the between-country variation, implying 

that country fixed effects in the second stage regression will significantly reduce the identifying 

variation in the data. Additionally, the data in Table 3.1 suggests that variation in gravity 

variables is significantly lower than the variation in variables used in the structural equation, 

which implies that the use of country fixed effects in the gravity equation does not create a 

significant impact, while it has a major impact on the second.  

 

Table 3.1: Summary statistics of the key variables (224 Countries, 1996-2015) 

Notes: Table 2 reports summary statistics for 224 countries over the period 1996-2015 in 5-year intervals. 

Actual real High-tech trade/imports/exports openness is relatively higher because the price indices used to deflate high-tech 

product is substantially lower than the GDP deflator, which reflects the reductions in prices for high-tech products over the 

period.  

 

Variables Obs. Mean Std. Dev. 

(overall) 

Std. Dev. 

(between) 

Std. Dev. 

(within) 

Actual total trade as a % of GDP (𝑇𝑇𝑇) 896 0.414 0.386 0.356 0.151 

Actual High-tech trade as a % of GDP (𝑇𝑇𝐻𝑇) 896 0.149 0.197 0.190 0.054 

Actual real High-tech trade as a % of GDP (𝑇𝑇𝐻𝑇) 896 0.499 7.645 7.201 2.599 

Actual Low-tech trade as a % of GDP (𝑇𝑇𝐿𝑇) 896 0.189 0.180 0.163 0.077 

Actual AG trade as a % of GDP (𝑇𝐴𝐺) 896 0.019 0.024 0.021 0.011 

Actual MQ trade as a % of GDP (𝑇𝑀𝑄) 896 0.052 0.095 0.081 0.049 

Actual total exports as a % of GDP (𝐸𝑇𝑇) 896 0.170 0.197 0.182 0.076 

Actual High-tech exports as a % of GDP (𝐸𝑇𝐻𝑇) 896 0.048 0.105 0.102 0.025 

Actual real High-tech exports as a % of GDP (𝐸𝑇𝐻𝑇) 896 0.053 0.862 0.723 0.470 

Actual Low-tech exports as a % of GDP (𝐸𝑇𝐿𝑇) 896 0.075 0.090 0.084 0.033 

Actual AG exports as a % of GDP (𝐸𝐴𝐺) 896 0.012 0.022 0.020 0.009 

Actual MQ exports as a % of GDP (𝐸𝑀𝑄)  896 0.033 0.091 0.078 0.047 

Actual total imports as a % of GDP (𝑀𝑇𝑇) 896 0.250 0.229 0.208 0.098 

Actual High-tech imports as a % of GDP (𝑀𝑇𝐻𝑇) 896 0.106 0.112 0.104 0.041 

Actual real High-tech imports as a % of GDP (𝑀𝑇𝐻𝑇) 896 0.448 6.940 6.502 2.456 

Actual Low-tech imports as a % of GDP (𝑀𝑇𝐿𝑇) 896 0.119 0.116 0.101 0.058 

Actual AG imports as a % of GDP (𝑀𝐴𝐺) 896 0.009 0.010 0.008 0.006 

Actual MQ imports as a % of GDP (𝑀𝑀𝑄) 896 0.023 0.032 0.029 0.014 

Weighted Gross Enrolment Rate  (𝑠ℎ) 549 24.33 6.057 5.819 1.853 

Real Investment in Physical Capital as a % of GDP (𝑠𝑘) 673 0.010 0.047 0.040 0.026 

Patents Intensity, per million of population (patents_ pc) 432 115.00 347.36 307.93 73.19 

Population in reporting country, millions (pop) 844 30.96 122.98 121.86 7.96 

Land area of reporting country km2 (area) 896 608.25 1,795.62 1,798.64 6.17e-14 

GDP per capita, PPP (constant 2011 international $) (gdp_pc) 737 17,270 20,271 19,884.66 3,778.75 
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good and the type of factor of production under consideration. For example, imports of THT 

products have a stronger positive effect on real investment in physical capital than imports of 

MQ as the importation of machinery and transport equipment, which includes under the THT 

category, will necessarily add on to the capital stock of the country (Figure 3.1 & 3.2). On the 

other hand, THT exports show strong positive effects than AG exports in influencing Gross 

Enrolment Ratio, which proxy the human capital (Figure 3.3 & 3.4). This implies that a country 

which specializes in THT exports may demand highly skilled-human capital, thus promoting 

school enrolments. Similarly, high-tech and skill intense product exporting countries will have 

an increasing demand for new and innovative ideas; hence, patents application by residents is 

an increasing function of THT exports, while it is a negative function of agriculture products 

(Figure 3.7 & 3.8). These relationships do not appear to be driven by outliers, because the 

relationships stay robust for the exclusion of outliers.  

 

3.4 Regression Results 

3.4.1 OLS Regressions 

The OLS regression results of exports openness and import openness7 for each factor of 

production are presented in Table 3.2 (Panel A: Investment in physical capital, Panel B: Gross 

enrolment ratio, Panel C: Patents applications by residents [Patents intensity]).  

In line with what I have hypothesised previously, as Panel A shows, imports of high-tech 

products (THT) have strong positive effects on gross investment in physical assets (𝑠𝑘), which 

will add to the physical capital stock of the country. The coefficient of total goods imports 

(𝑀𝑖𝑡
𝑇𝑇) is economically smaller than that of THT imports (𝑀𝑖𝑡

𝑇𝐻𝑇) because of the offsetting 

effects from other types of products. As shown in Panel B, the coefficient of THT exports 

(𝐸𝑖𝑡
𝑇𝐻𝑇) on gross enrolment ratio (GER) is positive, but not significant – although I expect a 

strong positive effect. However, the coefficient of AG (𝐸𝑖𝑡
𝐴𝐺)  on gross enrolment is 

significantly negative. This is partly in line with the findings of Blanchard and Olney (2017), 

in which they find that less-skill intensive exports discourage educational attainment. 

Specialization in the production of agricultural products may potentially reduce the schooling, 

or – as analysed by Galor and Mumford (2008) – specialization in low-tech changes the 

 
7  For our baseline discussion, we include the results with respect to export and import openness measures only for the 

reasons as explained in Section 3.4; however, detailed tables with total trade openness are included in the Annexure as Table 

3A.2. 
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Quantity-Quality-trade-off in favour of quantity over quality of children (Ekanayake et al., 

2022).   

Table 3.2: Effects of trade on Factors of Production, OLS estimations (1996-2015) 

Notes: The estimates are in non-overlapping 5-year intervals over the period 1996-2015. Numbers in parentheses are 

country level clustered standard errors. *, ** and *** denote 10%, 5% and 1% significance levels, respectively. Total export 

openness and the total import openness are the only trade variables that are included in the regressions in column (1) and (3). 

Population, land area, distance from the equator, institutional quality, a control for major oil producing countries, and 

continental dummies are included in the regressions but not reported for brevity.  

 

Panel A: Dependent Variable: Gross investment rate: 𝑠𝑘  

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

Export openness   Import openness 

ln 𝐸𝑖𝑡
𝑇𝑇 -0.130  ln 𝑀𝑖𝑡

𝑇𝑇 0.334***  

 (0.081)   (0.116)  

ln 𝐸𝑖𝑡
𝑇𝐻𝑇  0.006 ln 𝑀𝑖𝑡

𝑇𝐻𝑇  0.538*** 

  (0.054)   (0.121) 

ln 𝐸𝑖𝑡
𝑇𝐿𝑇  -0.084 ln 𝑀𝑖𝑡

𝑇𝐿𝑇  0.055 

  (0.061)   (0.163) 

ln 𝐸𝑖𝑡
𝐴𝐺  -0.002 ln 𝑀𝑖𝑡

𝐴𝐺  -0.033 

  (0.048)   (0.106) 

ln 𝐸𝑖𝑡
𝑀𝑄

  0.005 ln 𝑀𝑖𝑡
𝑀𝑄

  -0.081 

  (0.026)   (0.088) 

Year FE Yes Yes Year FE Yes Yes 

Obs 553 540 Obs 552 551 

𝑹𝟐 0.321 0.321 𝑹𝟐 0.306 0.370 

Panel B: Dependent Variable: Gross enrolment rate: 𝑠ℎ  

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

Export openness   Import openness 

ln 𝐸𝑖𝑡
𝑇𝑇 -0.020  ln 𝑀𝑖𝑡

𝑇𝑇 0.315  

 (0.307)   (0.434)  

ln 𝐸𝑖𝑡
𝑇𝐻𝑇  0.272 ln 𝑀𝑖𝑡

𝑇𝐻𝑇  -0.015 

  (0.203)   (0.265) 

ln 𝐸𝑖𝑡
𝑇𝐿𝑇  0.161 ln 𝑀𝑖𝑡

𝑇𝐿𝑇  0.054 

  (0.187)   (0.437) 

ln 𝐸𝑖𝑡
𝐴𝐺  -0.494*** ln 𝑀𝑖𝑡

𝐴𝐺  -0.204 

  (0.145)   (0.349) 

ln 𝐸𝑖𝑡
𝑀𝑄

  0.137 ln 𝑀𝑖𝑡
𝑀𝑄

  0.212 

  (0.089)   (0.236) 

Year FE Yes Yes Year FE Yes Yes 
Obs 448 429 Obs 449 438 

𝑹𝟐 0.657 0.683 𝑹𝟐 0.657 0.665 

Panel C: Dependent Variable: Patents intensity : 𝑠𝜏  

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

Export openness   Import openness 

ln 𝐸𝑖𝑡
𝑇𝑇 0.127  ln 𝑀𝑖𝑡

𝑇𝑇 0.001  

 (0.094)   (0.195)  

ln 𝐸𝑖𝑡
𝑇𝐻𝑇  0.168 ln 𝑀𝑖𝑡

𝑇𝐻𝑇  0.233*** 

  (0.107)   (0.085) 

ln 𝐸𝑖𝑡
𝑇𝐿𝑇  -0.138 ln 𝑀𝑖𝑡

𝑇𝐿𝑇  -0.562** 

  (0.123)   (0.224) 

ln 𝐸𝑖𝑡
𝐴𝐺  -0.144* ln 𝑀𝑖𝑡

𝐴𝐺  -0.210 

  (0.077)   (0.171) 

ln 𝐸𝑖𝑡
𝑀𝑄

  0.028 ln 𝑀𝑖𝑡
𝑀𝑄

  0.321** 

  (0.067)   (0.126) 

Year FE Yes Yes Year FE Yes Yes 

Obs 392 388 Obs 391 386 

𝑹𝟐 0.669 0.711 𝑹𝟐 0.665 0.697 
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With respect to patents intensity (Panel C), AG exports (𝐸𝑖𝑡
𝐴𝐺) have a significant and 

negative coefficient, showing that the production and exports of AG products which require 

lower level of technological knowledge will discourage the generation of new ideas. As 

expected, THT imports (𝑀𝑖𝑡
𝑇𝐻𝑇) have a significantly positive coefficient, while TLT (𝑀𝑖𝑡

𝑇𝐿𝑇)  and 

AG imports (𝑀𝑖𝑡
𝐴𝐺) have negative coefficients. This will validate the theoretical priors 

summarised in Section 3.2. Importation of low-tech products, which includes a lower level of 

knowledge, discourages the generation of new ideas and the development of advanced 

technology in the importing economy. MQ imports (𝑀𝑖𝑡
𝑀𝑄

) record a significantly positive 

coefficient, and the reason for this could be that the importation of MQ products – especially 

petroleum – would facilitate the smooth functioning of the manufacturing sector and indirectly 

promote patents applications.  

Overall findings are largely consistent with the theory, that a country specializing in less-

skill intensive activities and importing goods with low-technology externalities may demote 

the development of human capital and generation of new innovative ideas, thereby ending up 

in a low-income level. 

 

3.4.2 IV Regressions 

3.4.2.1 Physical Capital Model - Real Investment in Physical Capital  

I refer to the model that is described in Section 3.3.1, where the dependent variable is the 

log of the real investment in machinery, equipment and transport equipment as a % of GDP. 

The main deviation from the discussion in Section 3.4.1 is that here, I follow the instrumental 

variable approach (IV) by including the estimated trade values for each product category from 

the gravity model to instrument the actual trade values. The first and second stage regressions 

are presented in Table 3.3; Panel A and B present regression results for exports openness and 

imports openness, respectively.  

Referring to the first stage regressions, the instrument relevance criteria do not give 

evidence against the instruments, as signified by the low p-values for excluded instruments for 

exports and imports. Turning to the second stage regressions, the coefficients of the overall 

import openness and overall export openness are not significant (Column 1), possibly due to 

the offset effect of the coefficients of types of goods with opposite signs. Panel A shows that 

no coefficients of the second stage are statistically significant, although it mostly holds their 

expected signs. This means that physical capital does not act as an effective channel in 

transmitting the export of goods’ effect to output. 
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However, the coefficients of import openness of high-tech products and mining & 

quarrying are significantly positive, showing that physical capital works as an effective channel 

in transmitting effects from imports of high-tech and mining & quarrying products to income. 

The disaggregated product categories show that THT imports (𝑀𝑖𝑡
𝑇𝐻𝑇) are significantly positive 

for the investment in physical capital, which is self-explanatory, as THT imports include capital 

assets such as machinery and equipment, railroad and transport equipment, among other things, 

which will add onto the capital stock. The traditional growth theory stresses that importing 

high- technological goods is a way to accumulate new capital. This is consistent with the 

findings in the literature that highlight the relevance of high-technological capital goods 

imports for economic development (Hoekman et al., 2005).  

 

Table 3.3: Transmission Channels, 2SLS estimations (1996-2015) of Gross Real Investment in 

Physical Capital  
 Total 

Exports/Imports 

(TT) 

 

Total high- 
tech trade 

 (THT) 

Total low- tech 
Trade 

 (TLT) 

Agri Trade 
(AG) 

Mining and 
quarrying trade 

(MQ) 

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

      Panel A: Export Openness 

Second Stage Regressions 

Dependent Variable: ln(Real Investment in Physical Capital as a % of GDP) 

ln 𝐸𝑖𝑡
𝑘  -0.249 0.065 -0.023 0.115 -0.095 

 (0.254) (0.251) (0.261) (0.144) (0.102) 

Obs 553 540 540 540 540 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.327 0.328 0.328 0.328 0.328 

First Stage Regressions 

ln 𝐸𝑖𝑡
�̂�    1.003*** 0.731*** 0.948*** 1.021*** 1.118*** 

 (0.027) (0.063) (0.049) (0.023) (0.032) 

F-stat 1,389.08 57.20 191.85 638.51 316.61 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 

Obs 553 540 540 540 540 

      

Panel B: Import Openness 

Second Stage Regressions 

Dependent Variable: ln(Real Investment in Physical Capital as a % of GDP) 

      

ln 𝑀𝑖𝑡
𝑘  -0.833 0.621*** 0.491 -0.008 -1.019*** 

 (0.582) (0.194) (0.635) (0.456) (0.322) 

Obs 552 551 551 551 551 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.328 0.407 0.407 0.407 0.407 

First Stage Regressions 

ln 𝑀𝑖𝑡
�̂�    0.810*** 0.884*** 0.659*** 0.895** 0.974*** 

 (0.076) (0.040) (0.089) (0.092) (0.026) 

F-stat  113.58 188.49 51.25 238.16 485.69 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 

Obs 552 551 551 551 551 

Notes: The IV (2SLS) estimates are in 5-year intervals for sample countries over the period 1996-2015. Numbers in 

parentheses are country level clustered standard errors.  *, ** and *** denote 10%, 5% and 1% significance levels, respectively. 

The instruments for trade openness indicators are based on the gravity equation, which in addition to geographic characteristics, 

includes country and year effects. In addition to predicted trade openness, the first-stage regression includes population size, 
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land area and time effects. The baseline controls (distance from the equator, institutional quality, and controls for major oil 

producing economies and continents) are included in the regressions but not reported for brevity.  

 

The coefficient of MQ is significantly negative, indicating that imports of MQ have 

negative effects in real investment in physical capital. A possible reason could be a crowding-

out effect that the world’s fuel imports, as a percentage of total merchandise imports represent 

around 13.5% during the period of 1962-2019 (WDI, 2021, viewed on April, 22,2021); 

additionally, MQ imports are consumed during the period without any addition to the capital 

stock of the country, hence a negative effect.  

  

3.4.2.2 Human Capital Model - Weighted Gross Enrolment Ratio  

I refer to the model that is described in Section 3.3.1, where the dependent variable is the 

weighted gross enrolment (GER) rate at the primary, secondary, and tertiary levels. As in the 

previous model, instrumental variable (IV) strategy is followed to address the endogeneity of 

the trade variable. Hence, I include the estimated export/import openness measures for each 

product category from the gravity model to instrument the actual export/import openness of 

each product category. The first and second stage regressions are presented in Table 3.4. 

The instrument relevance criteria, as shown by the first stage results, provide no evidence 

against the validity of instruments as signified by high F-stat values for excluded instruments 

for export openness and import openness indicators. As per Panel A: Export Openness, the 

exports of high-tech (THT) products have strong positive effects on gross school enrolments, 

while agricultural (AG) products have significant negative effects. When an economy is 

specialized in the production and exports of technologically sophisticated products, it creates a 

high demand for skilled workers, thus promoting school enrolments. Human capital emerged 

as the prime source of economic growth in the later stages of transmission to modern growth 

(Galor and Moav, 2004). Out of total exports, therefore, the high-tech products – which 

produce positive effects on human capital formation – could be considered as the prime type 

of manufacturing good that is capable of bringing long-lasting effects on the output. The 

negative coefficients recorded for low-tech (though insignificant) and agriculture exports are 

not inconsistent with theory and empirical findings which stress that a country’s trade in less 

skill-intensive (low-tech) products depresses average educational attainment (Blanchard and 

Olney, 2017). The skill premium in high-tech industries is larger, thus creating income 

inequality. Aboushady and Zaki (2021), however, find that the high-tech sector has a multiplier 

effect with regard to job creation; hence, each additional job created in the high-tech sector is 
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capable of creating four-to-five new jobs in the low skill/non-tradable sector. My findings are 

broadly in line with those of Blanchard and Olney (2017), where the educational attainment – 

which is measured as years of schooling – is decreasing with less skill-intensive exports, while 

it is increasing with skill-intensive exports. In Blanchard and Olney (2017), the effect of skill-

intensive exports on school attainment is estimated as 0.367***, which resonates with my 

findings of 0.412*, however, this study uses gross enrolment as the measure for human capital8. 

 

Table 3.4: Transmission Channels, 2SLS estimations (1996-2015) of Gross Enrolment Ratio 

(GER) 
 Total trade 

(TT) 

 

Total high- 

tech trade  

(THT) 

Total low- tech 

Trade 

 (TLT) 

Agri Trade 

(AG) 

Mining and 

quarrying trade 

(MQ) 

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

      Panel A: Export Openness 

Second Stage Regressions 

Dependent Variable: Weighted Gross Enrolment Rate 

ln 𝐸𝑖𝑡
𝑘  0.752* 0.412* -0.113 -0.359* 0.203 

 (0.386) (0.215) (0.363) (0.199) (0.131) 

Obs 448 429 429 429 429 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.663 0.678 0.678 0.678 0.678 
First Stage Regressions 

ln 𝐸𝑖𝑡
�̂�    0.962*** 0.780*** 0.926*** 1.008*** 1.104*** 

 (0.021) (0.055) (0.060) (0.029) (0.035) 

F-stat 2,006.15 70.35 172.77 513.43 294.52 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 

Obs 448 429 429 429 429 

      

Panel B: Import Openness 

Second Stage Regressions 

Dependent Variable: Weighted Gross Enrolment Rate 

      

ln 𝑀𝑖𝑡
𝑘  -0.183 0.209 -2.033** -0.973 1.276** 

 (0.855) (0.218) (0.958) (0.692) (0.532) 

Obs 449 438 438 438 438 

Adjusted R2 0.659 0.680 0.680 0.680 0.680 

First Stage Regressions 

ln 𝑀𝑖𝑡
�̂�    0.781*** 0.882*** 0.637*** 0.928*** 0.916*** 

 (0.090) (0.049) (0.114) (0.086) (0.030) 

F-stat 75.46 130.45 38.65 199.66 327.96 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 

Obs 449 438 438 438 438 

Notes: The IV (2SLS) estimates are in 5-year intervals for sample countries over the period 1996-2015. Numbers in 

parentheses are country level clustered standard errors.  *, ** and *** denote 10%, 5% and 1% significance levels, respectively. 

The instruments for trade openness indicators are based on the gravity equation, which in addition to geographic characteristics, 

includes country and year effects. In addition to predicted trade openness, the first-stage regression includes population size, 

land area and time effects. The baseline controls (distance from the equator, institutional quality, and controls for major oil 

producing economies and continents) are included in the regressions but not reported.  

 

 
8 The results as shown in Table 3.4 are robust to the use of human capital index of PWT in place of weight 

gross enrolment ratio (Table 3A.5).  
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3.4.2.3 Innovation Model - Patents intensity   

I refer to the innovation or the technological know-how model that is described in Section 

3.3.1, where the dependent variable is the log of patents applications per capita called patents 

intensity. I include the estimated export and import openness values for each product category 

from the gravity model to instrument actual export and import openness values. The first and 

second stage regressions are presented in Table 3.5. 

 

Table 3.5: Transmission Channels, 2SLS estimations (1996-2015) of Innovation- Patents 

applications by residents 
 Total trade 

(TT) 
 

Total high- 

tech trade 
(THT) 

Total low- tech 

Trade 
(TLT) 

Agri      Trade 

(AG) 

Mining and 

quarrying trade 
(MQ) 

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

      Panel A: Export Openness  

Second Stage Regressions 

Dependent Variable: ln(Patents Intensity) 

ln 𝐸𝑖𝑡
𝑘  0.313 0.387*** -0.393* -0.140* -0.007 

 (0.234) (0.128) (0.218) (0.080) (0.051) 

Obs 392 388 388 388 388 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.670 0.713 0.713 0.713 0.713 

First Stage Regressions 

ln 𝐸𝑖𝑡
�̂�    0.957*** 0.758 *** 0.761*** 0.990*** 1.083*** 

 (0.026) (0.063) (0.045) (0.031) (0.026) 

F-stat 1,370.82 58.41 97.93 433.63 445.52 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 

Obs 392 388 388 388 388 

      

Panel B: Import Openness 

Second Stage Regressions 

Dependent Variable: ln(Patents Intensity) 

      

ln 𝑀𝑖𝑡
𝑘  -0.248 0.083 -0.366 -0.876** 0.394** 

 (0.412) (0.074) (0.439) (0.393) (0.187) 

Obs 391 386 386 386 386 

Adjusted R2 0.666 0.703 0.703 0.703 0.703 

First Stage Regressions 

ln 𝑀𝑖𝑡
�̂�    0.873*** 0.876*** 0.713*** 0.906*** 0.990*** 

 (0.045) (0.047) (0.056) (0.056) (0.025) 

F-stat 378.26 124.80 60.88 313.51 546.02 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 

Obs 391 386 386 386 386 

Notes: The IV (2SLS) estimates are in 5-year intervals for sample countries over the period 1996-2015. Numbers in 

parentheses are country level clustered standard errors.  *, ** and *** denote 10%, 5% and 1% significance levels, respectively. 

The instruments for trade openness indicators are based on the gravity equation, which in addition to geographic characteristics, 

includes country and year effects. In addition to predicted trade openness, the first-stage regression includes population size, 

land area and time effects. The baseline controls (distance from the equator, institutional quality, and controls for major oil 

producing economies and continents) are included in the regressions but not reported.  

 

As per Panel A of Table 3.5, the coefficient for high-tech (THT) exports is positive and 

statistically significant while the coefficients for low-tech (TLT) products and agricultural 



Chapter 3 

TRANSMISSION OF TRADE EFFECTS   

74 

 

products (AG) are significantly negative. A country that specializes in producing 

technologically intense products requires and demands a continuous generation of new ideas, 

while specialization in manufacturing low-technological intense products, such as textiles and 

garments and agriculture products, discourages the generation of new ideas. The countries that 

specialize in manufacturing technologically advanced products can exploit the international 

market through successful innovations (Eaton and Kortum, 2001a; Bertarelli and Lodi, 2018). 

In addition, the open markets advantage innovative firms more because of the scale effects, 

thus promoting more innovations. Aghion et al. (2009) further argue that high-technological 

oriented firms can use innovation to avoid the threat of new entrance, as the innovation can 

bring cost-effectiveness or product superiority to stand against efficient new entrants.    

As Panel B of Table 3.5 shows, the coefficients for the imports of low-tech products 

(TLT) and agricultural products (AG) are negative, though the TLT coefficient is statistically 

insignificant. The import of low-technological intense products is neither instrumental in the 

diffusion of technology through imports nor in the generation of new domestic ideas. Hence, 

the economies that import low-sophisticated products continue to stay at low-level of income 

without generating new ideas, which is the key source of growth. The coefficient of high-tech 

(THT) imports is positive; however, it is insignificant. A possible reason for this could be the 

difficulty of generating new ideas that are not only capable of advancing domestic state of art, 

but also successfully compete with the modern technology available with high-tech imports. In 

line with the findings of this study, Eaton and Kortum (2001a) find that the export of goods 

promotes the generation of new ideas due to the possibility of exploitation of new markets 

through innovation, while imports discourage it, as it is more difficult to compete against 

imported ideas. Liu et al. (2021) also find that import competition reduces firm innovation, 

which is consistent with the Schumpeterian effect. However, imports of mining and quarrying 

(MQ) hold a positive significant coefficient, possibly due to the facilitation of smooth 

functioning of industries which could demand new ideas.  In summary, the findings of the 

innovation model recap that high-tech exports promote patenting, which can stimulate 

economic growth. Referring to the findings in the literature this transmission could have been 

made in several ways as follows; patenting facilitates investment and technology transfer, it 

encourages R&D expenditure due to protectionism and works as a catalyst for new 

technologies and businesses as it works as a powerful tool to stimulate new industries with new 

technology (OECD, 2004; Madsen et al., 2010). 
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The underlying rationale for instrumenting the actual trade values is to overcome the 

potential feedback effect from income to trade openness and to factors of production. On such 

grounds, IV estimates are expected to be lower than OLS estimates, as the instrument is built 

using only using geographic variables. However, I observed that the coefficients of IV estimate 

in all three models are mostly larger than the OLS estimations, which echoed the general 

findings in the literature (Frankel and Romer, 1999; Lleras-Muney, 2005; Jiang, 2017). Jiang 

(2017) discovered from a survey of 225 papers published in big three financial journals that 

about 80 per cent of the studies using IV estimates reported larger estimates for instrumented 

than non-instrumented. The reason for OLS estimates to be closer to zero than IV estimates 

could be due to (1) the sample variation and the downward bias in OLS, which resonates with 

the findings of Frankel and Romer (1999), and (2) misreported trade as discussed by Farhad et 

al. (2018). Sample variation and downward bias possibly explain the difference between OLS 

and IV, because IV captures the trade-related positive factors beyond simply the shipping of 

goods between the countries, such as specialization, exchange of ideas of production, alliances, 

etc., which are not included in OLS. Additionally, countries under-report trade in a global 

dimension due to tariff concerns; hence, the reported trade could be significantly lower than 

the actual trade, which necessarily provides a possible reason for estimates in IV to be greater 

than OLS.    

In summary, for physical capital, the import’s channel works as the effective channel of 

transmitting positive trade effects to income, while the export’s channel is more effective for 

increasing the gross enrolment ratio and the patents intensity. These results further validate my 

premise that in analysing the transmission of trade’s effect onto output, it is decisive to 

segregate the trade into imports and exports, as different factors of production exploit different 

channels for the transmission. On top of that, this study builds onto the current literature by 

segregating the traded goods into different product groups based on the R&D intensity. In line 

with the theory, this study finds that export and import of technologically sophisticated 

products (THT) can positively influence (1) the gross enrolment ratio (GER), which adds to 

the stock of human capital and (2) idea generation: patents intensity, which are considered the 

key and enduring sources of long-term economic growth. Trade-induced competition in the 

high-tech sector promotes the firms to improve their production process, be innovative and hire 

more skilled labour to protect their share in the export market whereas the export and import 

of low-tech (TLT) and agricultural products (AG) have negative effects on GER and patents 

intensity. My results show that the reason for the coefficients of total exports (ETT) and total 
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imports (MTT ) being insignificant in most of the cases in all three models is the conflicting 

effects of different product types. For example, in the innovation (patents intensity) model 

(Table 3.5: Panel A), the coefficient of ETT is insignificant because the coefficient of high-tech 

(ETHT) is significantly positive, while the coefficients of low-tech (ETLT) and agricultural goods 

(EAG) are significantly negative. Hence, the disaggregation of products based on the level of 

sophistication provides important insights into understanding the transmission mechanism, 

which provides essential inputs for taking relevant policy measures.  

3.5 Composition of Trade and its Effects on Factors of Production  

Section 3.4 looked at the effect of trade in products at different levels of sophistication 

on investment in physical capital (capital), gross enrolment ratios (human capital), and patents 

intensity (innovation). In the said analysis, I used real trade openness. Now, I intend to find the 

effect of change in share of each product category in the total trade value (nominal values) 

conditional on the current level of trade openness on each of the factors of production. The 

following regression is used for the estimation. Estimated nominal trade-income ratios from 

the gravity equation (Eq. 3.14) are used to form an instrument for each type of product.   

 

 ln 𝑠𝑗,𝑖𝑡 = 𝛾0 + 𝛾1 ln (
𝐸𝑇𝑇

𝐺𝐷𝑃
)

𝑖𝑡
+ 𝛾2 ln (

𝐸𝑇𝐻𝑇

𝐸𝑇𝑇 )
𝑖𝑡

+ 𝛾3 ln (
𝐸𝑇𝐿𝑇

𝐸𝑇𝑇 )
𝑖𝑡

+ 𝛾4 ln (
𝐸𝐴𝐺

𝐸𝑇𝑇)
𝑖𝑡

  

+ 𝛾5 ln (
𝐸𝑀𝑄

𝐸𝑇𝑇 )
𝑖𝑡

+  𝛾6 ln 𝑁𝑖𝑡 + 𝛾7 ln 𝐴𝑖𝑡 + 𝑿′𝜶 + 𝑒3,𝑖𝑡,          (3.16) 

 

 

where 𝑠𝑗 represents each type of factor of production, namely; 𝑠𝑘 for the physical capital, 

𝑠ℎ for the human capital, and  𝑠𝜏 for the innovation. I run a similar equation for both exports 

(
𝐸𝑗

𝐸𝑇𝑇)
𝑖𝑡

 and imports (
𝑀𝑗

𝑀𝑇𝑇)
𝑖𝑡

. The first right-hand-term captures the effects of overall export 

openness  
𝐸𝑇𝑇

𝐺𝐷𝑃
  (alternatively, overall import openness 

𝑀𝑇𝑇

𝐺𝐷𝑃
 ) on factors of production, and other 

trade terms capture the effects of export (or import) share of each product category in the total 

exports (or imports), such that the shares add up to one. All the baseline control variables are 

included in all estimates of equation (3.16). 

Estimation of this regression provides us with several key valuable insights. The results 

show the effect of change in the trade composition on the three factors of production 

conditional on a given level of trade openness. These results also confirm the non-violation of 

exclusion restriction, because the results of the models as specified in equation (3.16) are 

mostly in line with the conclusions arrived at from the models specified by equations (3.11-
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3.13). The interpretation of the coefficients is less straightforward than that of the baseline 

regressions, because the interpretation needs to be in relative terms. Furthermore, I must resort 

to semi-elasticities so that the trade shares constraint, in which the sum of trade shares adds up 

to 100%, is satisfied.  

The second stage IV regression results of equation (3.16) with 𝑠𝑘 , the physical capital as 

the left-hand variable being presented in Table 3.6. The instrument relevance criterion, as 

signified by the high F-stat value (greater than the threshold of 10) for excluded instruments, 

is satisfied. The coefficients of the overall export openness, 𝐸𝑇𝑇

𝐺𝐷𝑃
, and import openness, 𝑀𝑇𝑇

𝐺𝐷𝑃
, are 

insignificant, suggesting that the overall export/import openness does not affect investment in 

physical capital when the trade share of each category is controlled for. However, the 

composition of the export basket matters.  

 

Table 3. 6: Effects of the composition of trade on Investment in Physical Capital (𝒔𝒌), IV estimates 

(1996-2015)  

Total export 

openness/ export share 

 

(1) 

Export effect on 

investment in Physical 

capital  

(2) 

Total import openness/ 

import share 

 

(3) 

Import effect on 

investment in Physical 

capital  

(4) 

𝑙𝑛 
𝐸𝑇𝑇

𝐺𝐷𝑃
 

-0.074 

(0.263) 
 

𝑙𝑛 
𝑀𝑇𝑇

𝐺𝐷𝑃
 

-0.537 

(0.513) 
 

F-stat 335.17 F-stat 136.63 

𝑙𝑛
𝐸𝑇𝐻𝑇

𝐸𝑇𝑇
 

-0.695*** 

(0.223) 
 

𝑙𝑛
𝑀𝑇𝐻𝑇

𝑀𝑇𝑇
 

-1.583 

(1.632) 
 

F-stat 227.07 F-stat 384.29 

𝑙𝑛
𝐸𝑇𝐿𝑇

𝐸𝑇𝑇
 

0.031 

(0.392) 
 

𝑙𝑛
𝑀𝑇𝐿𝑇

𝑀𝑇𝑇
 

2.494 

(2.286) 
 

 42.31 F-stat 145.82 

𝑙𝑛
𝐸𝐴𝐺

𝐸𝑇𝑇
 

0.124 

(0.155) 
 

𝑙𝑛
𝑀𝐴𝐺

𝑀𝑇𝑇
 

0.250 

(0.468) 
 

F-stat 814.68 F-stat 85.41 

𝑙𝑛
𝐸𝑀𝑄

𝐸𝑇𝑇
 

-0.064 

(0.111) 
 

𝑙𝑛
𝑀𝑀𝑄

𝑀𝑇𝑇
 

-0.655 

(0.552) 
 

F-stat 292.20 F-stat 135.88 

Notes: Numbers in parentheses are country level clustered standard errors.  *, ** and *** denote 10%, 5% and 1% 

significance levels, respectively.  F-stat is the test for excluded instruments in the first stage. 

 

This analysis adds further insights into our observations in the previous section (Section 

3.4.2). From the regression results of equation (3.11) in Subsection 3.4.2.1, I observe that 

imports of high-tech products (THT) have significant positive effects on physical capital, while 

imports of mining and quarrying (MQ) products have negative effects. Furthermore, in Sub-

section 3.4.2.1, I find that exports of any other type of product do not have significant effects 

on investment in physical capital. Now, however, when total exports openness is controlled 

for, any increase in the share of THT products in total exports is found to have negative 
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significant effects on physical capital investment, whereas from the imports side, the positive 

effect disappeared. What could the rationale be for this observation? From the exports side, an 

increase in the share of THT exports conditional on a given level of export openness means 

that there will be a shift of resources from other sectors in the economy to the high-tech sector. 

The results show that such a shift is negative in the physical capital accumulation. From the 

imports side, the regression results suggest that any change in the imports structure by shifting 

in-between the product categories is not influential enough to affect investment in physical 

capital conditional upon a particular level of trade openness. Therefore, an increase in imports 

openness of high-tech products (as observed in Section 3.4.2.1) can bring positive effects on 

investment in physical capital, only if that increase happens with an overall increase in trade 

openness, and not by reducing import of any other type of product.   

The second-stage IV regression results of equation (3.16) with 𝑠ℎ , the gross enrolment 

ratio which proxies the human capital as the left-hand variable, are presented in Table 3.7. The 

instrument relevance criterion, as signified by the high F-stat value for excluded instruments, 

provides evidence for the validity of instruments. Similar to the observations shown in Table 

3.6, the coefficients of the overall export openness, 𝐸𝑇𝑇

𝐺𝐷𝑃
, and import openness, 𝑀𝑇𝑇

𝐺𝐷𝑃
, are 

insignificant, suggesting that the overall exports/imports openness does not affect the gross 

enrolment ratio when the trade share of each category is controlled for. However, the 

composition of exports provides a valuable economic story.  

Previously, from the regression results of equation (3.11) in Subsection 3.4.2.2, I observe 

that exports of high-tech products have significantly positive effects on the gross enrolment, 

while exports of agriculture products have significant negative effects. Reverting to the new 

results, Table 3.7, shows that previous observations remain consistent even after controlling 

for the level of overall export openness. For example, as shown in Table 3.7, a one per cent 

increase in high-tech exports share in the total exports (
𝐸𝑇𝐻𝑇

𝐸𝑇𝑇 ) with a consequent reduction of 

one per cent exports share of low-tech products (
𝐸𝑇𝐿𝑇

𝐸𝑇𝑇 ) is capable of increasing the gross 

enrolment ratio by 3.00 per cent9. Similarly, Table 3.7 shows that an increase in agriculture 

exports share (
𝐸𝐴𝐺

𝐸𝑇𝑇) by one per cent by lowering one per cent share of high-tech products will 

 
9
 Calculation goes as (coefficient of  𝑙𝑛

𝐸𝑇𝐻𝑇

𝐸𝑇𝑇   / THT share in total exports– coefficient of 𝑙𝑛
𝐸𝑇𝐿𝑇

𝐸𝑇𝑇  / TLT share in total 

exports), i.e. (0.699/0.23-0/0.47)=3.0. Here, as the coefficient of 𝑙𝑛
𝐸𝑇𝐿𝑇

𝐸𝑇𝑇  in the second stage is found to be statistically not 

different from zero (insignificant), the coefficient for 𝑙𝑛
𝐸𝑇𝐿𝑇

𝐸𝑇𝑇   is considered as 0.    

 



Chapter 3 

TRANSMISSION OF TRADE EFFECTS   

79 

 

result in a reduction of gross enrolments ratio by 5.41 per cent10. Overall, reducing high-tech 

export share to increase any other type of trade is harmful to the economy by way of 

discouraging human capital development; however, increasing the agricultural exports share is 

more harmful to human capital development than increasing the low-tech manufactures share. 

Mining and quarrying exports have positive effects on school enrolments, though at a lower 

level than high-tech exports, possibly due to the use of technologically advanced types of 

machinery and equipment in the mining sector, which requires skilled workers, and thus 

promotes school enrolments. This is further justifiable because the effect is generated from the 

export’s side, rather than from the import’s side. From the import’s side, when the total import 

openness is controlled for, the share of all product categories has become insignificant. This 

means that a mere shift in imports composition is not instrumental in influencing school 

enrolments without an actual increase in overall import openness.  

 

Table 3. 7: Effects of the composition of trade on Gross Enrolment Ratio (𝒔𝒉), IV estimates (1996-

2015)  

Total export 

openness/ export share 

(1) 

Export effect on 

GER 

(2) 

Total import openness/ 

import share 

(3) 

Import effect on 

GER 

(4) 

𝑙𝑛 
𝐸𝑇𝑇

𝐺𝐷𝑃
 

0.205 

(0.244) 𝑙𝑛 
𝑀𝑇𝑇

𝐺𝐷𝑃
 

-0.663 

(0.518) 

F-stat 542.53 F-stat 116.65 

𝑙𝑛
𝐸𝑇𝐻𝑇

𝐸𝑇𝑇
 

0.699*** 

(0.197) 𝑙𝑛
𝑀𝑇𝐻𝑇

𝑀𝑇𝑇
 

3.142 

(2.531) 

F-stat 145.37 F-stat 246.69 

𝑙𝑛
𝐸𝑇𝐿𝑇

𝐸𝑇𝑇
 

-0.262 

(0.333) 𝑙𝑛
𝑀𝑇𝐿𝑇

𝑀𝑇𝑇
 

-3.616 

(2.965) 

F-stat 39.91 F-stat 117.63 

𝑙𝑛
𝐸𝐴𝐺

𝐸𝑇𝑇
 

-0.285** 

(0.143) 𝑙𝑛
𝑀𝐴𝐺

𝑀𝑇𝑇
 

-0.730 

(0.487) 

F-stat 921.73 F-stat 69.27 

𝑙𝑛
𝐸𝑀𝑄

𝐸𝑇𝑇
 

0.245*** 

(0.091) 𝑙𝑛
𝑀𝑀𝑄

𝑀𝑇𝑇
 

0.888 

(0.707) 

F-stat 238.77 F-stat 119.28 

Notes: Numbers in parentheses are country level clustered standard errors.  *, ** and *** denote 10%, 5% and 1% 

significance levels, respectively.  F-stat is the test for excluded instruments in the first stage. 

 

Overall, the results further stress the fact that an economy which produces and exports 

technically sophisticated products, will demand highly skilled employees. As a result, the real 

wages of skilled workers will go up relative to those of unskilled workers, promoting school 

 
10 Calculation is similar to the above i.e. coefficient of  𝑙𝑛

𝐸𝐴𝐺

𝐸𝑇𝑇/ AG share in total exports – coefficient of  

𝑙𝑛
𝐸𝑇𝐻𝑇

𝐸𝑇𝑇   / THT share in total exports  = (-0.285/0.12 - 0.699/0.23) = -5.41.  
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enrolments at all levels. The findings of Beaulieu et al. (2011) are in support with my 

observations, where they find a positive relationship when high-tech industry trade is regressed 

on the marginal effect of tertiary education. My findings are also consistent with the theory that 

high-tech industries, which respond to international competition with innovation and skilled-

based new technological change, will reduce the cadre of less-skilled workers (Wood, 1998). 

This is further in line with Bernard and Jensen (1997), who find that export-oriented firms 

employ more skilled workers. Furthermore, I can take an example from the USA where the 

New York Times, (2006) records that the skill level required by all workers is increasing in the 

high‐tech manufacturing sector of the USA.  

The second-stage IV regression results of equation (3.16) with 𝑠𝜏 , the patents applications 

per capita, which proxy the innovation as the left-hand variable, are presented in Table 3.8. The 

instrument relevance criterion, as signified by the high F-stat value for excluded instruments, 

gives evidence for the instruments. Even though the coefficient of the overall export openness  

𝐸𝑇𝑇

𝐺𝐷𝑃
 is found to be insignificant, the coefficient of import openness 𝑀𝑇𝑇

𝐺𝐷𝑃
 is significantly negative. 

This is in line with the findings of Eaton and Kortum (2001a) that imports, in general, will 

discourage innovation, as it is harder to compete against imported knowledge embedded in 

imported goods. 

With respect to export shares, Table 3.8 shows that any increase in exports of high-tech 

product share (
𝐸𝑇𝐻𝑇

𝐸𝑇𝑇 ) has positive significant effects on patents applications while an increase in 

exports of low-technological products (TLT) and agricultural products (AG) have negative 

significant effects. For example, one per cent reduction in TLT exports share (AG exports 

share) with an equal increase in THT exports share will increase patents applications per 

resident by 3.7 per cent (3.6 per cent)11.  Similarly, one per cent increase in THT share with an 

equal reduction in mining and quarrying (MQ) will increase patent applications by 2 per cent.  

These findings are consistent with the theory and empirical findings (Sandu and Ciocanel, 

2014; Kabaklarli et al., 2018). Hence, it can be concluded that a country, which specializes in 

the manufacturing technologically advanced products, promotes innovation and the generation 

of new ideas.  

 
11 3.7% is arrived as  (coefficient of 𝑙𝑛

𝐸𝑇𝐻𝑇

𝐸𝑇𝑇 / THT share in total exports – coefficient of 𝑙𝑛
𝐸𝑇𝐿𝑇

𝐸𝑇𝑇 /TLT share in total 

exports)=  0.453/0.23-(-0.802/0.47) =3.7 and 3.6% is calculated as (coefficient of 𝑙𝑛
𝐸𝑇𝐻𝑇

𝐸𝑇𝑇 / THT share in total exports – 

coefficient of 𝑙𝑛
𝐸𝐴𝐺

𝐸𝑇𝑇/AG share in total exports)=  0.453/.23-(-0.197/0.12)=3.6. 
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With respect to import shares, the results show that any increase in agriculture share 

along with a reduction in some other product category, will result in a reduction of patents 

applications. In other words, any increase in agricultural imports share will discourage new 

idea generation and technological development of a country, when controlling for the level of 

import openness. Even though the coefficient of  
𝑀𝑇𝐻𝑇

𝑀𝑇𝑇   is insignificant, it possesses the correct 

sign. As I am looking at relative terms, the results suggest that one per cent increase in AG 

imports with one per cent reduction in THT imports will reduce patents applications by 18.5 

per cent12. The results are mostly consistent with my discussion in sub-section 3.4.2. 

 

Table 3.8:  Effects of the composition of trade on Patents Intensity(𝒔𝝉), IV estimates (1996-2015)  

Total export 

openness/ export share 

 

 

(1) 

Export effect on 

Patents applications  

 

 

(2) 

Total import openness/ 

import share 

 

 

(3) 

Import effect on 

Patents applications 

 

 

(4) 

𝑙𝑛 
𝐸𝑇𝑇

𝐺𝐷𝑃
 

0.029  

(0.200) 𝑙𝑛 
𝑀𝑇𝑇

𝐺𝐷𝑃
 

-0.607*  

(0.346) 

F-stat 273.37 F-stat 130.61 

𝑙𝑛
𝐸𝑇𝐻𝑇

𝐸𝑇𝑇
 

0.453*** 

(0.157) 𝑙𝑛
𝑀𝑇𝐻𝑇

𝑀𝑇𝑇
 

2.047  

(2.128) 

F-stat 346.31 F-stat 311.40 

𝑙𝑛
𝐸𝑇𝐿𝑇

𝐸𝑇𝑇
 

-0.802**  

(0.326) 𝑙𝑛
𝑀𝑇𝐿𝑇

𝑀𝑇𝑇
 

-0.292 

(1.821) 

F-stat 190.34 F-stat 177.23 

𝑙𝑛
𝐸𝐴𝐺

𝐸𝑇𝑇
 

-0.197** 

(0.078) 𝑙𝑛
𝑀𝐴𝐺

𝑀𝑇𝑇
 

-0.742** 

(0.374) 

F-stat 897.55 F-stat 263.46 

𝑙𝑛
𝐸𝑀𝑄

𝐸𝑇𝑇
 

-0.037  

(0.053) 𝑙𝑛
𝑀𝑀𝑄

𝑀𝑇𝑇
 

0.579 

(0.469) 

F-stat 682.42 F-stat 275.29 

Notes: Numbers in parentheses are country level clustered standard errors.  *, ** and *** denote 10%, 5% and 1% 

significance levels, respectively.  F-stat is the test for excluded instruments in the first stage. Patents applications per resident 

as a proxy for the innovation finds to be a strong proxy as the results are robust with the sign and the size for the use of 

alternative proxies namely, real total factor productivity and R & D expenditure as a percentage of GDP.   

 

Overall, the findings as presented in Table 3.8, show three key factors; (1) diffusion of 

technology from abroad through imports of high-tech products; (2) creation of new technology 

with the development of high-tech sector targeted towards exports markets; and (3) less 

adoption of technology and innovation in low-tech and agricultural sector. As already 

established in the literature, adoption and creation of technological innovation in low-tech and 

agriculture sectors are low due to various constraints such as lack of credit, risk aversion, 

 
12 19.95% is arrived as (coefficient of  𝑙𝑛

𝑀𝐴𝐺

𝑀𝑇𝑇/ AG share in total imports – coefficient of 𝑙𝑛
𝑀𝑇𝐻𝑇

𝑀𝑇𝑇 /THT share in total 

imports) =  (-0.742/0.04)-(0/0.43), as 𝑙𝑛
𝑀𝑇𝐻𝑇

𝑀𝑇𝑇  is insignificant, the coefficient value is taken as zero.  
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insufficient employment of human capital, limited access to information and inadequate 

incentives associated with innovation. (Feder et al., 1985). High-tech industries support both 

human capital formation and the generation of new ideas, thereby generating multiple positive 

effects on economic growth. This is in line with the findings of Cinnirella and Streb (2017), 

that human capital will have two effects on labour productivity; one is the direct effect while 

the second is the indirect effect which is coming through the facilitation of technological 

innovation.  

Patents application positively correlated with the improvement in the high-tech industry 

(Kabaklarli et al., 2018). Innovation plays a decisive role in maintaining the technological edge 

with international competitors so that high-tech industries are enjoying a sustainable 

competitive advantage. A country with an exports/imports structure concentrated mainly 

towards high-tech products will encourage the creation of new knowledge and ideas of 

production, thus pushing the overall productivity of the country. However, the findings of this 

study do not conclude that countries should halt trade in low-tech and agricultural products; 

rather they stress the need for orienting towards high-productive sectors for rapid economic 

growth while reshaping agriculture innovation in responsive to food insecurity and climate 

change.   

 

3.6 Are These Effects Universal? Transmission in High-income Vs Low-

Income Countries 

In this sub-section, I explore further to understand whether the transmission channels act 

differently depending on the income level of the country. In this regard, we follow the World 

Bank country classification by income level, in which the high-income and upper-middle-

income are considered as high-income, while low-income and lower-middle-income are 

considered as low-income, for ease of presentation. The results are robust to the alternative 

classifications, i.e., dividing the sample into two groups: (1) High-income countries, and (2) 

Low-income countries based on the mean income level of countries during the sample period13.  

Table 3.9 presents second stage results for the whole sample and the two subsamples: 

High-income group and Low-income group. Panel A to Panel C provide the results for real 

 
13 Countries in the total sample were classified into two groups as High-income economies and Low-income economies 

based on the average GDP per capita during the sample period of 1996-2015. The top 50 per cent of the countries ranked 

according to the average income per capita are classified as the High-income and the balance 50 per cent are classified as the 

Low-income. Accordingly, out of 186 countries with data available for GDP per capita, 93 were grouped into the High-income 

category (USD 9,093 and above per capita GDP) and the balance 93 were grouped into Low-income category. 
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investment in physical capital, gross school enrolments, and patents intensity, respectively; 

while the three left-hand columns (1, 2, 3) provide export openness related results, and the three 

right-hand columns (4, 5, 6) provide import openness related results.      

As Panel A indicates, the baseline results for export openness hold true for both sub-

samples. This means that, export of goods does not pass through to economic growth via the 

physical capital channel. The import of high-tech products, however, is significant for the 

development of physical capital in high-income countries, which resonates with the whole 

sample estimates, while the effect is insignificant for low-income countries. Eaton and Kortum 

(2001b)’s exposition provide a clear explanation for this observation. Poor countries face a 

higher relative price of equipment when importing, due to trade distortions (marketing costs, 

tariff, non-tariff barriers, and costs associated with adopting foreign capital to domestic 

conditions, etc) which lead rich countries to gain more from trade in capital goods than poor 

countries. The poor countries being net importers of capital goods, and given the share of 

savings set aside for investment, obtain much less imported investment goods for their savings 

due to the higher relative price of capital goods compared to consumer goods. Another reason 

could be that poor countries tend to import a higher share of used capital goods; hence, the 

import channel does not work effectively for the poor countries to accumulate capital stock 

(Navaretti et al., 2000). Concerning mineral imports, the crowding-out effect of mineral 

imports is larger for low-income countries compared to high-income countries. This is in line 

with the large fuel import bills of low-income economies, which possibly crowd out the 

available savings for investment in physical capital.  

Panel B shows that exports of high-tech products increase the school enrolments in high-

income countries, which resonates with the whole sample, while for low-income countries, the 

effect is not significant. One reason could be high-fertility rates in low-income countries, which 

leads to the utilisation of export earnings/positive trade effects on the quantity of kids rather 

than the quality of kids. With respect to the imports openness, similar to the baseline results, 

school enrolment is a negative function of low-tech imports in high-income countries. 

However, for low-income countries, agricultural products imports are found to be significantly 

negative on school enrolments, while imports of low-tech products do not have significant 

effects. Agriculture imports are mainly for feeding the current population, and thus do not 

encourage school enrolments in low-income countries. The positive coefficient recorded for 

mining and quarrying imports in the baseline scenario has been driven by the low-income 

countries.  
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Table 3.9: Transmission Channels, Second Stage IV Results Comparison: High-income Vs Low-

income 

Notes: The IV (2SLS) estimates are in 5-year intervals for sample countries over the period 1996-2015. Numbers in 

parentheses are country level clustered standard errors.  *, ** and *** denote 10%, 5% and 1% significance levels, respectively. 

 

Total Sample 

(1) 

High-income 

Group (2) 

Low-income 

Group (3)  

Total Sample 

(4) 

High-income 

Group (5) 

Low-income 

Group (6) 

 Panel A: Dependent Variable: ln(Real Investment in Physical Capital as a % of GDP) 

Exports Openness (Exports /GDP) Import Openness (Imports/GDP) 

Aggregate Trade Aggregate Trade 

ln 𝐸𝑖𝑡
𝑇𝑇 -0.249 -0.201 -0.399 ln 𝑀𝑖𝑡

𝑇𝑇 -0.833 -0.807 -1.073 

 (0.254) (0.318) (0.427)  (0.582) (0.622) (1.129) 

N 553 345 208 N 552 344 208 

r2_a 0 327 0.188 0.363 r2 a 0.328 0.187 0.340 

                            Disaggregated Trade Disaggregated Trade 

ln 𝐸𝑖𝑡
𝑇𝐻𝑇 0.065 0.102 -0.174 ln 𝑀𝑖𝑡

𝑇𝐻𝑇 0.621*** 0.713*** 0.337 

 (0.251) (0.366) (0.169)  (0.194) (0.198) (0.367) 

ln 𝐸𝑖𝑡
𝑇𝐿𝑇 -0.023 0.346 -0.202 ln 𝑀𝑖𝑡

𝑇𝐿𝑇 0.491 -0.608 0.553 

 (0.261) (0.527) (0.217)  (0.635) (0.898) (0.787) 

ln 𝐸𝑖𝑡
𝐴𝐺  0 115 0.068 -0.112 ln 𝑀𝑖𝑡

𝐴𝐺 -0.008 0.869 -0.061 

 (0.144) (0.207) (0.205)  (0.456) (0.856) (0.686) 

ln 𝐸𝑖𝑡
𝑀𝑄

 -0.095 -0.191 0.152 ln 𝑀𝑖𝑡
𝑀𝑄

 -1.019*** -0.853** -1.032** 

 (0.102) (0.137) (0.117)  (0.322) (0.404) (0.481) 

N 540 340 200 N 551 344 207 

r2_a 0 328 0.183 0.378 r2_a 0.407 0.247 0.424 

Panel B: Dependent Variable: Weighted Gross Enrolment Rate 

Exports Openness (Exports /GDP) Import Openness (Imports/GDP) 

Aggregate Trade Aggregate Trade 

ln 𝐸𝑖𝑡
𝑇𝑇 0.752* -0.040 1.230** ln 𝑀𝑖𝑡

𝑇𝑇 -0.183 -1.184 3.664** 

 (0.386) (0.395) (0.610)  (0.885) (0.867) (1.783) 

N 448 277 171 N 449 277 172 

r2_a 0.643 0.530 0.532 r2_a 0.659 0.548 0.526 

Disaggregated Trade Disaggregated Trade 

ln 𝐸𝑖𝑡
𝑇𝐻𝑇 0.412* 0.362* 0.105 ln 𝑀𝑖𝑡

𝑇𝐻𝑇 0.209 0.283* 0.201 

 (0.215) (0.198) (0.386)  (0.218) (0.168) (0.767) 

ln 𝐸𝑖𝑡
𝑇𝐿𝑇 -0.113 -0.486 0.560 ln 𝑀𝑖𝑡

𝑇𝐿𝑇 -2.033** -2.930*** 2.465 

 (0.363) (0.472) (0.356)  (0.958) (0.991) (1.888) 

ln 𝐸𝑖𝑡
𝐴𝐺  -0.359* -0.149 -0.377 ln 𝑀𝑖𝑡

𝐴𝐺  -0.973 0.424 -2.013** 

 (0.199) (0.205) (0.383)  (0.692) (0.747) (0.864) 

ln 𝐸𝑖𝑡
𝑀𝑄

 0 203 0.112 0.141 ln 𝑀𝑖𝑡
𝑀𝑄

 1.276** 0.499 2.055* 
 (0.131) (0.127) (0.244)  (0.532) (0.438) (1.071) 

N 429 269 160 N 438 270 168 

r2_a 0.678 0.545 0.531 r2_a 0.680 0.587 0.538 

Panel C:  Dependent Variable:  ln(Patents Intensity) 

Exports Openness (Exports /GDP) Import Openness (Imports/GDP) 

Aggregate Trade Aggregate Trade 

ln 𝐸𝑖𝑡
𝑇𝑇 0 313 0.186 0.566** ln 𝑀𝑖𝑡

𝑇𝑇 -0.248 -0.538 1.934** 

 (0.234) (0.201) (0.273)  (0.412) (0.369) (0.874) 

N 392 292 100 N 391 292 99 

r2_a 0.670 0.676 0.589 r2_a 0.666 0.684 0.540 

Disaggregated Trade Disaggregated Trade 

ln 𝐸𝑖𝑡
𝑇𝐻𝑇 0 387*** 0 332*** 0.253 ln 𝑀𝑖𝑡

𝑇𝐻𝑇 0.083 0.089 -0.267 

 (0.128) (0.107) (0.169)  (0.074) (0.080) (0.333) 

ln 𝐸𝑖𝑡
𝑇𝐿𝑇 -0.393* -0.340 0.024 ln 𝑀𝑖𝑡

𝑇𝐿𝑇 -0.366 -0.297 1.405 

 (0.218) (0.255) (0.332)  (0.439) (0.414) (0.979) 

ln 𝐸𝑖𝑡
𝐴𝐺  -0.140* -0.097 0.163 ln 𝑀𝑖𝑡

𝐴𝐺  -0.876** -1.132*** -0.273 

 (0.080) (0.107) (0.191)  (0.393) (0.319) (0.472) 

ln 𝐸𝑖𝑡
𝑀𝑄

 -0.007 -0.060 0.040 ln 𝑀𝑖𝑡
𝑀𝑄

 0.394** 0.246 1.132*** 

 (0.051) (0.046) (0.117)  (0.187) (0.171) (0.343) 

N 388 288 100 N 386 288 98 
r2_a 0.713 0.723 0.600 r2_a 0.703 0.734 0.592 
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The instruments for trade openness indicators are based on the gravity equation, which in addition to geographic characteristics, 

includes country and year effects. The baseline controls (distance from the equator, institutional quality, and controls for major 

oil producing economies and continents) are included in the regressions but not reported. For brevity, I do not display first 

stage results, but in all cases the f-stat value is well above the threshold of 10.  

 

For low-income countries, the mining and quarrying imports are found to be significantly 

positive on school enrolments. For the poor, access to energy is essential to overcoming 

poverty, as well as promoting human capital development and economic development. 

Availability of energy will encourage economic productivity, value-adding activities, and 

provide opportunities for income generation which demands human capital (Karekezi et al., 

2012); hence, it can be considered as a reason behind the positive significant effect of mining 

and quarrying imports on school enrolments in poor countries. Additionally, if the value 

addition is strong enough, then dependency on imports would still bring positive socio-

economic impacts. For example, Japan and Korea have succeeded in becoming leaders in steel 

production despite their dependence on imports of iron ore, creating many employment 

opportunities and thus promoting school enrolments (Karekezi et al., 2012).   

Panel C depicts the second stage results for patents intensity for all three groups. The 

results show that the positive effects of high-tech exports are transmitted to growth through 

innovation only in high-income economies. Paradoxically, for low-income economies, the 

effect is insignificant, even though it holds a positive sign.  

This means that other impediments for innovation may discourage new idea generation 

in low-income economies, thus blocking the avenues for innovation through moving towards 

technologically advanced products. Even though innovation is the key to increasing 

productivity and accelerating economic development, the barriers to accumulating physical and 

human capital, lower level of a firm’s capabilities, weak institutions and government policies, 

lack of capabilities of low-income countries to adopt advanced-country experience to upgrade 

their products and upgrade to new technologies, and business processes act as impediments for 

innovation (Cirera and Maloney, 2017). Investment in innovation-related activities increases 

with the income level. This is demonstrated by the low level of patents application registrations 

by the developing countries despite the vast potential returns to innovation, due to the lack of 

necessary infrastructure for innovation and lack of complementarity among different factors of 

production necessary for innovation. With respect to import’s effect on patents intensity, the 

negative effect of agricultural imports that I observe in the whole sample was driven by high-

income countries, while agricultural imports do not have significant negative effects on the 

innovation of low-income economies. Agricultural imports contain a very low level of 



Chapter 3 

TRANSMISSION OF TRADE EFFECTS   

86 

 

technology that is mostly directed meeting the food needs of the population and/or as inputs 

for basic natural resource-based manufacturing. Hence, there will not be any technology 

transfer.  

Mineral imports record a significant positive coefficient on patents intensity for low-

income economies. The low-income economies are the largest energy consumers (energy 

consumption to GDP), and these economies are net energy importers in general (Scott, 2013).  

Their industrial sector largely consists of energy-intensive industries, thus requiring more 

energy products for operation of the industrial sector and to generate new ideas, which could 

be the intuition behind the positive coefficient of mining and quarrying on patents intensity in 

low-income economies. In addition, the positive effects of mining and quarrying trading are 

observed from the side of imports, which implies that these economies are not resource-rich 

economies, and are hence dependent on oil imports to support energy-intense industries.   

The findings in Sector 3.6 can be summarised as: (1) only high-tech trade can enhance 

human capital and patents intensity, and will thus act as a long-run growth stimulator, (2) for 

high-income economies, all three factors of production are sensitive for high-tech 

exports/imports. For these economies, the positive effects of trade in high-tech products are 

transmitted to economic growth through physical capital, school enrolments, and patents 

intensity. Low-tech, agricultural and mineral imports discourage economic growth of high-

income economies by way of reduction on physical capital, reduction in school enrolments, 

and discouraging patents applications, and (3) for low-income economies, imports of mining 

and quarrying products will have negative effects on physical capital, while they are positive 

for school enrolments and patents intensity. For low-income economies, even though the 

coefficients for total exports and total imports are significantly positive for school enrolments 

and innovation, I cannot draw conclusions on that finding, as the total exports/imports consist 

of different types of products at different levels of sophistication, and thus the aggregate level 

of the coefficient might be misleading. These findings draw important insights into the current 

literature. The findings suggest that for high-income economies, further development will 

depend on the orientation towards high-tech products. These economies are equipped with 

appropriate systems, quality institutions, and government policies to gain maximum benefit 

from the trade in high-tech products, while the intense competition that these economies face 

demands continuous technological improvement in the products that they trade. Hence, high-

income economies will enjoy long-term growth effects through trade, due to human capital 

development and innovation with the advancement of technology. On the other hand, in order 
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for the low-income economies to reap gains from technology trade, there should be a parallel 

improvement in related infrastructure, institutional quality, and political stability. Otherwise, 

these economies will be stuck in manufacturing and trade in low-technology and agricultural 

products, which will bottleneck the future economic growth, as such products do not promote 

human capital development and innovation.    

 

3.7 Simulations  

In the Sub-sections 3.4 to 3.6, I have thus far been looking at the effect of trade at different 

levels of sophistication on factors of production. This section simulates the effects of trade on 

the level of per capita income through investment in physical capital (Real investment in fixed 

assets), human capital (gross school enrolments), and innovation (patents intensity).  

 

Investment: the effect of trade on output per capita through the channel of investment 

can be derived as follows; 

𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑇𝑟𝑎𝑑𝑒
|

𝐼𝑛𝑣𝑒𝑠𝑡
=

𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡
∙

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡

𝑑 ln 𝑇𝑟𝑎𝑑𝑒
                                                                           (3.17) 

Even though the augmented Solow model estimates of Mankiw et al. (1992) for the effect 

of physical capital on output for the non-oil sample is around 0.73, it is lower in the extended 

Solow model of Nonneman and Vanhoudt (1996) with human capital and innovation. As I 

followed the extended Solow model of Nonneman and Vanhoudt (1996) for the baseline 

analysis, relaxing the assumption that the per capita income level corresponds to the steady-

state level and restricting the model for growth in population, depreciation and labour 

productivity growth, the effect of physical capital on output is estimated to be around 0.4. 

Hence, for 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡
 I use 0.4 and for 

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡

𝑑 ln 𝐸𝑖𝑡
𝑘

 and 
𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡

𝑑 ln 𝑀𝑖𝑡
𝑘

  I use coefficient values from the 

analysis in Section 3.4.2. Accordingly, the effect of exports/imports of products at different 

levels of sophistication on output per capita through the channel of investment can be 

calculated as follows; 

 

Output effect of exports through Investment:  

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝑇𝐻𝑇

|
𝐼𝑛𝑣𝑒𝑠𝑡

=
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡
∙

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡

𝑑 ln 𝐸𝑖𝑡
𝑇𝐻𝑇

= (0.4***  ) 𝑥 (0.065)   =   0.0260 

 

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝑇𝐿𝑇

|
𝐼𝑛𝑣𝑒𝑠𝑡

=
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡
∙

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡

𝑑 ln 𝐸𝑖𝑡
𝑇𝐿𝑇

= (0.4***  ) 𝑥 (-0.023) =  -0.0092 
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𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝐴𝐺

|
𝐼𝑛𝑣𝑒𝑠𝑡

=
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡
∙

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡

𝑑 ln 𝐸𝑖𝑡
𝐴𝐺

= (0.4***  )  𝑥  (0.115) =  0.0460 

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡

𝑀𝑄 |
𝐼𝑛𝑣𝑒𝑠𝑡

=
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡
∙

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡

𝑑 ln 𝐸𝑖𝑡

𝑀𝑄 = (0.4***  )   𝑥  (-0.095) = -0.0380 

 

 

Output effect of imports through Investment:  

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑀𝑖𝑡
𝑇𝐻𝑇

|
𝐼𝑛𝑣𝑒𝑠𝑡

=
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡
∙

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡

𝑑 ln 𝑀𝑖𝑡
𝑇𝐻𝑇

= (0.4***  )  𝑥  (0.621*** )   = 0.2484*** 

 

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑀𝑖𝑡
𝑇𝐿𝑇

|
𝐼𝑛𝑣𝑒𝑠𝑡

=
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡
∙

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡

𝑑 ln 𝑀𝑖𝑡
𝑇𝐿𝑇

= (0.4***  )   𝑥  (0.491)    =  0.1964 

 

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝐴𝐺

|
𝐼𝑛𝑣𝑒𝑠𝑡

=
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡
∙

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡

𝑑 ln 𝑀𝑖𝑡
𝐴𝐺

= (0.4***  )   𝑥 (-0.008) =   -0.0032 

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑀𝑖𝑡

𝑀𝑄 |
𝐼𝑛𝑣𝑒𝑠𝑡

=
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡
∙

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡

𝑑 ln 𝑀𝑖𝑡

𝑀𝑄 = (0.4***  )   𝑥  (-1.019***) =  -0.4076*** 

 

Gross School Enrolment: the effect of trade on output per capita through the channel of 

education can be derived as follows;  

 

𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑇𝑟𝑎𝑑𝑒
|

𝐺𝐸𝑅
=

𝑑 ln(𝑌/𝐿)

𝑑 lns𝑐
∙

𝑑 ln𝑠𝑐

𝑑𝐺𝐸𝑅
∙

𝑑GER

𝑑 ln 𝑇𝑟𝑎𝑑𝑒
                                                               (3.18) 

 

where, sc is working-age population’s educational attainment. To find the value for  

𝑑 ln(𝑌/𝐿)

𝑑 lns𝑐
 I use the point estimate of Madsen (2014), where the coefficient of the level of 

educational attainment is estimated as 0.041. Taking the average educational attainment, in 

years, for the sample countries for the sample period of 1996-2016 of 7.55, the elasticity of 

human capital on output per capita is 7.55*0.041= 0.310.  

Following Madsen (2014), the steady-state effect of 
𝑑 ln𝑠𝑐

𝑑𝑙𝐺𝐸𝑅
 can be computed as follows; 

the maximum number of years of schooling is considered as 17 in this study. This is comprised 

of 7 years at primary school, and 5 years each at the secondary and tertiary levels. This implies 

that average educational attainment increases by 17 years for each 1% increase in gross 

enrolments ratio. The coefficient for the 
𝑑𝑙GER

𝑑 ln 𝑇𝑟𝑎𝑑𝑒
 is taken from Annexure Table 3.A.3, which 

reports IV estimates of eq.3.12 with right-hand side variable GER in logs. Accordingly, the 
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effect of exports/imports of products at different levels of sophistication on output per capita 

through the channel of education can be calculated as follows;  

 

Output effect of exports through GER:  

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝑇𝐻𝑇

|
𝐺𝐸𝑅

=
𝑑 ln(𝑌/𝐿)

𝑑 lns𝑐
∙

𝑑 ln𝑠𝑐

𝑑𝑙𝐺𝐸𝑅
∙

𝑑𝑙GER

𝑑 ln 𝐸𝑖𝑡
𝑇𝐻𝑇

= (0.310) 𝑥 (17) 𝑥 (0.016)     =  0.0843 

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝑇𝐿𝑇

|
𝐺𝐸𝑅

=
𝑑 ln(𝑌/𝐿)

𝑑 lns𝑐
∙

𝑑 ln𝑠𝑐

𝑑𝑙𝐺𝐸𝑅
∙

𝑑𝑙GER

𝑑 ln 𝐸𝑖𝑡
𝑇𝐿𝑇

= (0.310) 𝑥 (17) 𝑥 (0.007)        = 0.0369 

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝐴𝐺

|
𝐺𝐸𝑅

=
𝑑 ln(𝑌/𝐿)

𝑑 lns𝑐
∙

𝑑 ln𝑠𝑐

𝑑𝑙𝐺𝐸𝑅
∙

𝑑𝑙GER

𝑑 ln 𝐸𝑖𝑡
𝐴𝐺

=  (0.310) 𝑥 (17) 𝑥 (-0.019)     = -0.1001* 

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡

𝑀𝑄 |
𝐺𝐸𝑅

=
𝑑 ln(𝑌/𝐿)

𝑑 lns𝑐
∙

𝑑 ln𝑠𝑐

𝑑𝑙𝐺𝐸𝑅
∙

𝑑𝑙GER

𝑑 ln 𝐸𝑖𝑡

𝑀𝑄 = (0.310) 𝑥 (17) 𝑥 (0.011)      = 0.0580 

 

Output effect of imports through GER:  

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑀𝑖𝑡
𝑇𝐻𝑇

|
𝐺𝐸𝑅

=
𝑑 ln(𝑌/𝐿)

𝑑 lns𝑐
∙

𝑑 ln𝑠𝑐

𝑑𝑙𝐺𝐸𝑅
∙

𝑑𝑙GER

𝑑 ln 𝑀𝑖𝑡
𝑇𝐻𝑇

= (0.310) 𝑥 (17) 𝑥 (0.011)         =   0.0580 

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑀𝑖𝑡
𝑇𝐿𝑇

|
𝐺𝐸𝑅

=
𝑑 ln(𝑌/𝐿)

𝑑 lns𝑐
∙

𝑑 ln𝑠𝑐

𝑑𝑙𝐺𝐸𝑅
∙

𝑑𝑙GER

𝑑 ln 𝑀𝑖𝑡
𝑇𝐿𝑇

=  (0.310) 𝑥 (17) 𝑥 (-0.082***)           = -0.4321*** 

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑀𝑖𝑡
𝐴𝐺

|
𝐺𝐸𝑅

=
𝑑 ln(𝑌/𝐿)

𝑑 lns𝑐
∙

𝑑 ln𝑠𝑐

𝑑𝑙𝐺𝐸𝑅
∙

𝑑𝑙GER

𝑑 ln 𝑀𝑖𝑡
𝐴𝐺

= (0.310) 𝑥 (17) 𝑥 (-0.051)            =   -0.2688 

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑀𝑖𝑡

𝑀𝑄 |
𝐺𝐸𝑅

=
𝑑 ln(𝑌/𝐿)

𝑑 lns𝑐
∙

𝑑 ln𝑠𝑐

𝑑𝑙𝐺𝐸𝑅
∙

𝑑𝑙GER

𝑑 ln 𝑀𝑖𝑡

𝑀𝑄 = (0.310) 𝑥 (17) 𝑥 (0.070***)        =  0.3689*** 

 

Patents Intensity: the effect of trade on output per capita through patents intensity driven 

innovation can be derived as follows;  

𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑇𝑟𝑎𝑑𝑒
|

𝑃𝐴𝑇
=

𝑑 ln(𝑌/𝐿)

𝑑 lnPAT
∙

𝑑 ln𝑃𝐴𝑇

𝑑 ln 𝑇𝑟𝑎𝑑𝑒
                                                                             (3.19) 

 

The current literature provides a vast range of studies on testing innovation on growth. 

Yet, the innovation is proxied mostly by the domestic R&D expenditure, or by the employees 

employed in the R&D sector. However, my arguments for using patents applications per 

resident to proxy innovation are explained in Section 3.3.2. As the coefficient for patents 

intensity on output per capita [𝑑 ln(𝑌/𝐿)/𝑑 lnPAT], a value of 0.10 is used; i.e., the estimates 

of Ulku (2004) for the full sample consisting of OECD and non-OECD assuming that will 
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better reflect the sample of this study. For 
𝑑 ln𝑃𝐴𝑇

𝑑 ln 𝑇𝑟𝑎𝑑𝑒
  I use the coefficients as recorded in Section 

3.4.2 for patent intensity.  

Accordingly, the effect of exports/imports of products at different levels of sophistication 

on output per capita can be calculated through the channel of innovation as follows;  

 

Output effect of exports through PAT:  

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝑇𝐻𝑇

|
𝑃𝐴𝑇

=
𝑑 ln(𝑌/𝐿)

𝑑 lnPAT
∙

𝑑 ln𝑃𝐴𝑇

𝑑 ln 𝐸𝑖𝑡
𝑇𝐻𝑇

   = (0.10) 𝑥 (0.387*** )     =    0.0387***       

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝑇𝐿𝑇

|
𝑃𝐴𝑇

=
𝑑 ln(𝑌/𝐿)

𝑑 lnPAT
∙

𝑑 ln𝑃𝐴𝑇

𝑑 ln 𝐸𝑖𝑡
𝑇𝐿𝑇

   = (0.10) 𝑥  (-0.393*** )     =   -0.0393***       

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝐴𝐺

|
𝑃𝐴𝑇

=
𝑑 ln(𝑌/𝐿)

𝑑 lnPAT
∙

𝑑 ln𝑃𝐴𝑇

𝑑 ln 𝐸𝑖𝑡
𝐴𝐺

   = (0.10) 𝑥 (-0.140*** )     =   -0.0147***       

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡

𝑀𝑄 |
𝑃𝐴𝑇

=
𝑑 ln(𝑌/𝐿)

𝑑 lnPAT
∙

𝑑 ln𝑃𝐴𝑇

𝑑 ln 𝐸𝑖𝑡

𝑀𝑄    = (0.10) 𝑥 (-0.007*** )    =    -0.0007       

 

 

Output effect of imports through PAT:  

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝑇𝐻𝑇

|
𝑃𝐴𝑇

=
𝑑 ln(𝑌/𝐿)

𝑑 lnPAT
∙

𝑑 ln𝑃𝐴𝑇

𝑑 ln 𝑀𝑖𝑡
𝑇𝐻𝑇

   = (0.10) 𝑥 (0.0830)         =   0.0083       

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝑇𝐿𝑇

|
𝑃𝐴𝑇

=
𝑑 ln(𝑌/𝐿)

𝑑 lnPAT
∙

𝑑 ln𝑃𝐴𝑇

𝑑 ln 𝑀𝑖𝑡
𝑇𝐿𝑇

   = (0.10) 𝑥 ( -0.366)            =   -0.0366       

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝐴𝐺

|
𝑃𝐴𝑇

=
𝑑 ln(𝑌/𝐿)

𝑑 lnPAT
∙

𝑑 ln𝑃𝐴𝑇

𝑑 ln 𝑀𝑖𝑡
𝐴𝐺

   = (0.10) 𝑥 (-0.876***)        =   -0.0876***       

 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡

𝑀𝑄 |
𝑃𝐴𝑇

=
𝑑 ln(𝑌/𝐿)

𝑑 lnPAT
∙

𝑑 ln𝑃𝐴𝑇

𝑑 ln 𝑀𝑖𝑡

𝑀𝑄    = (0.10) 𝑥 (0.394***)         =    0.0394***       

 

Overall findings in this Section resemble the findings in Section 3.4.2. The positive 

output effects of trade in high-tech products are capable of generating increasing returns, as 

high-tech trade effects are mostly transferred to output via human capital and innovation, 

whereas trade in technologically low-sophisticated products – such as low-tech manufacturing 

and agriculture products – is unfavourable, as it heavily discourages human capital formation 

and the generation of new ideas, which leads to the economies that are already trading in low-

tech products being stuck in low-tech trade.   
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Table 3.10: Simulation of all Models 
Product Type Investment in 

Physical capital 

(1) 

Gross Enrolment 

ratio 

(2) 

Patents 

Intensity 

 

(3) 

Total 

(1+2+3) 

(4) 

𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐸𝑖𝑡
𝐾  

Or  
𝑑 ln(

𝑌

𝐿
)

𝑑 ln 𝑀𝑖𝑡
𝐾 

(5) 

Exports Effect on Income Per Capita  

High-tech  0.0260 0.0843 0.0387*** 0.149 0.326*** 

Low-tech -0.0092 0.0369 -0.0393*** -0.012 -0.111* 

Agriculture 0.0460 -0.1001* -0.0147*** -0.069 -0.211*** 

M&Q -0.0380 0.0580 -0.0007 0.019 0.003 

Imports Effect on Income Per Capita  

High-tech  0.2484*** 0.0580 0.0083 0.315 0.990*** 

Low-tech 0.1964 -0.4321*** -0.0366 -0.272 -0.880*** 

Agriculture -0.0032 -0.2688 -0.0876*** -0.360 -0.388*** 

M&Q -0.4076*** 0.3689*** 0.0394*** 0.001 0.092 

Notes: The first three columns are the output effects attributed by trade in different types of products through investment 

in physical capital, gross enrolment and patenting. The sum of the first three columns irrespective of the statistical 

significance is reported in column 4 (Total). The findings of Chapter 2 “Trade and Economic Growth: Does the 

Sophistication of Traded Goods Matter?” where, output effects of trade in goods at different level of sophistication are 

reported in column 5 for comparison purposes.    

 

Table 3.10 summarises the findings in Sub-section 3.7, where the effect of export openness 

(import openness) on GDP per capita, simulated through the physical capital model, gross 

enrolment model, and patent intensity model is summed in Column (4). The estimations that I 

arrive at in Chapter 2 are provided in Column (5), for comparison purposes. It is clear that the 

estimations arrived through the simulations, and the expected signs do follow the empirical 

findings of Chapter 2.  

 

3.8 Conclusion  

This paper extensively analyses the transmission channels of trade in products at 

different levels of sophistication to economic growth. The study investigates the three main 

factors of production, namely: physical capital, human capital, and innovation, in this regard. 

Using gravity estimation to formulate instruments for trade in different product categories, I 

find that positive effects of trade in high-tech products are successfully transmitted to growth 

via all three factors of production, while the negative trade effects of low-tech and agricultural 

trade are transmitted to growth via human capital and innovation channels by way of a 
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reduction in gross enrolments and a reduction of patents applications. Most importantly, I also 

find that for physical capital, the imports channel works as the effective channel of transmitting 

positive trade effects to income, while the export channel is more effective for increasing gross 

enrolment ratio and the patents intensity due to trade in high-tech products, which has a broader 

economic perceptive.   

This study contributes to the literature in three ways. First, this study is the first to 

examine the transmission of trade’s effects to income at the disaggregated product level, which 

provides valuable insights for policy formulations. Second, this study examines both the 

imports side and the exports side to identify how transmission works differently for imports 

than exports, depending on the sophistication level of the traded good, which is largely ignored 

in the current literature. The results of this study show that the transmission channels are quite 

distinct between import and export, thus supporting the split between imports and exports. 

Third, this study further extends to analyse whether the transmission process is universal or 

dependent on the income level of economies, in order to understand how developing economies 

should formulate their trade policy and modify the export basket to gain long-term economic 

benefits out of international trade.   

The findings of this study carry some policy implications to developed, as well as 

developing economies. As agreed by most growth economists, human capital acts as the most 

decisive factor in determining the income level of economies. On one hand, human capital acts 

as an independent factor of production, which contributes to increase productivity under the 

given level of technology. On the other hand, it also acts as a determinant of innovation. 

Accordingly, human capital will contribute to shifting the production possibility frontier in two 

ways; (1) efficient use of given technology, and (2) generation and/or diffusion of new 

technology. This study finds that exporting high-tech products is the only way to bring positive 

effects on human capital and innovation. Therefore, to foster long-term economic growth, a 

strategic shift towards specializing in high-tech products is decisive. However, this study shows 

that rich economies benefit more from technology trade, which imparts that in order to reap 

gains from technology trade, the initial human capital endowment should be strong. Thus, this 

study sheds light on developing economies’ policies on investment in public education, 

nutrition, health care, and skill development programs, with a view on developing the stock of 

human capital. Otherwise, developing economies will be stuck in producing and trading low-

technology products and may not gain the actual benefits of international trade to overcome 

poverty.   
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Furthermore, despite the vast potential for economic growth, developing countries 

invest less in innovation than developed economies do, as a result of many factors. The study 

shows that developing countries do not obtain the technology dispersion through technology 

imports, which is inconsistent with my prior assumption. The reason behind this could be the 

lack of skilled labour and know-how that are available locally, which is complemented to 

absorbing and adapting foreign knowledge. Hence, the study suggests that developing 

economies may revisit public expenditure on innovation policy, development of other 

complementary factors for innovation, tax credits on R&D, and attention on reverse innovation 

– which is the production of small innovations to generate new market demand back in richer 

countries, reversing the normal innovation flow of rich to poor.  

In addition, the findings of this study show that the imports of high-tech products are 

not significant for the development of physical capital in low-income countries. As discussed 

in Section 3.6, the reason behind this could be all sorts of trade distortions, such as quantitative 

restrictions on capital goods imports and tariff and non-tariff barriers, which increase the price 

of imported capital in poor countries. These trade distortions force developing economies to 

use domestically-produced capital goods more than the efficient level, due to a lack of 

affordability for foreign capital. Hence, this study suggests that revising trade policies in 

developing economies is imperative, with suitable policies to for building partnerships or other 

kinds of trade agreements with foreign capital producers in order to obtain high-quality capital 

goods at competitive prices.   

There are some limitations to this paper. The sample only includes countries that have 

trade and other macroeconomic data available for the sample period. Additionally, to ensure 

consistency, I use the same set of control variables for physical capital model, human capital 

model and the innovation model. However, there can exist other aspects affecting the three 

factors of production than I have identified. Hence, further research is needed to understand 

other dynamics of factors of production. These issues are left for future research.  
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Appendices   

Table 3.A.1: Key parameter estimates of the gravity model for Trade Openness, (1996-2015) 
Gravity Variable Total  

Trade 

Openness 

(TT)  

High &  

Medium  

High-Tech  

Trade  Openness 

(THT) 

Medium   

Low-Tech  

&  

Low-Tech Trade  

Openness (TLT) 

Agri-Trade 

Openness 

(AG) 

Mining  

and  

Quarrying  

Trade  

Openness (MQ)  

ln(distance air) x i( 1996-00) -0.989*** -0.170 -1.060*** -0.580*** -0.658*** 

 (0.062) (0.287) (0.074) (0.110) (0.123) 

ln(distance air) x i( 2001-05) -1.047*** -0.955*** -1.079*** -0.594*** -0.539*** 

 (0.053) (0.156) (0.065) (0.096) (0.110) 

ln(distance air) x i( 2006-10) -1.078*** -1.545*** -1.119*** -0.631*** -0.510*** 

 (0.048) (0.193) (0.062) (0.080) (0.114) 

ln(distance air) x i( 2011-15) -1.174*** -1.976*** -1.174*** -0.702*** -0.833*** 

 (0.055) (0.191) (0.066) (0.072) (0.192) 

ln(distance sea) x i( 1996-00) -0.150*** -1.194*** -0.134** -0.258*** -0.147 

 (0.050) (0.345) (0.055) (0.085) (0.098) 

ln(distance sea) x i( 2001-05) -0.146*** -0.482*** -0.161*** -0.288*** -0.354*** 

 (0.040) (0.163) (0.046) (0.074) (0.096) 

ln(distance sea) x i( 2006-10) -0.118*** 0.287 -0.135*** -0.312*** -0.358*** 

 (0.036) (0.240) (0.043) (0.056) (0.087) 

ln(distance sea) x i( 2011-15) -0.036 0.789** -0.082* -0.265*** -0.076 

 (0.042) (0.326) (0.048) (0.051) (0.152) 

Observations 84,259 66,576 75232 41,771 31,998 

𝑅2 0.634 0.991 0.558 0.520 0.347 

Country dummies Yes Yes Yes Yes Yes 

Year dummies Yes Yes Yes Yes Yes 

Pair dummies No No No No No 

Notes: The estimates are in 5-year intervals over the period 1996-2015. Numbers in parentheses are country pair level clustered 

standard errors. *, ** and *** denote 10%, 5% and 1% significance levels, respectively. In addition to distance, the gravity 

regressions include the following geographic variables: population of reporter and partner, land area of reporter and partner, a 

dummy variable to capture landlocked features of reporter and partner, a dummy to capture a common border between the 

country pair, interaction variables of border with other variables to capture the border effect of other geographic variables on 

trade, reporter and partner fixed effects and year fixed effects.  

 

 

Table 3.A.2:  Effects of trade on Factors of Production, OLS estimations (1996-2015) –GER in 

logs 

Panel A: Dependent Variable: Gross Investment Rate: 𝑠𝑘  

 (1) (2)  (3) (4)  (5) (6) 

Total Trade Export openness  Import openness  

ln 𝑇𝑖𝑡
𝑇𝑇 0.133  ln 𝐸𝑖𝑡

𝑇𝑇 -0.130  ln 𝑀𝑖𝑡
𝑇𝑇 0.334***  

 (0.149)   (0.081)   (0.116)  

ln 𝑇𝑖𝑡
𝑇𝐻𝑇  0.414*** ln 𝐸𝑖𝑡

𝑇𝐻𝑇  0.006 ln 𝑀𝑖𝑡
𝑇𝐻𝑇  0.538*** 

  (0.088)   (0.054)   (0.121) 

ln 𝑇𝑖𝑡
𝑇𝐿𝑇  -0.157 ln 𝐸𝑖𝑡

𝑇𝐿𝑇  -0.084 ln 𝑀𝑖𝑡
𝑇𝐿𝑇  0.055 

  (0.154)   (0.061)   (0.163) 

ln 𝑇𝑖𝑡
𝐴𝐺  -0.006 ln 𝐸𝑖𝑡

𝐴𝐺  -0.002 ln 𝑀𝑖𝑡
𝐴𝐺  -0.033 

  (0.115)   (0.048)   (0.106) 

ln 𝑇𝑖𝑡
𝑀𝑄

  -0.047 ln 𝐸𝑖𝑡
𝑀𝑄

  0.005 ln 𝑀𝑖𝑡
𝑀𝑄

  -0.081 

  (0.049)   (0.026)   (0.088) 

Year FE Yes Yes  Yes Yes  Yes Yes 

Obs 551 541  553 540  552 551 

𝑹𝟐 0.310 0.346  0.321 0.321  0.306 0.370 
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Panel B: Dependent Variable: Gross enrolment rate: 𝑠ℎ  

  

 (1) (2)  (3) (4)  (5) (6) 

Total Trade Export openness  Import openness  

ln 𝑇𝑖𝑡
𝑇𝑇 0.052**  ln 𝐸𝑖𝑡

𝑇𝑇 0.012  ln 𝑀𝑖𝑡
𝑇𝑇 0.045*  

 (0.024)   (0.017)   (0.025)  

ln 𝑇𝑖𝑡
𝑇𝐻𝑇  0.011 ln 𝐸𝑖𝑡

𝑇𝐻𝑇  0.016 ln 𝑀𝑖𝑡
𝑇𝐻𝑇  0.001 

  (0.020)   (0.015)   (0.016) 

ln 𝑇𝑖𝑡
𝑇𝐿𝑇  0.049 ln 𝐸𝑖𝑡

𝑇𝐿𝑇  0.021 ln 𝑀𝑖𝑡
𝑇𝐿𝑇  0.033 

  (0.032)   (0.014)   (0.027) 

ln 𝑇𝑖𝑡
𝐴𝐺  -0.037** ln 𝐸𝑖𝑡

𝐴𝐺  -0.026*** ln 𝑀𝑖𝑡
𝐴𝐺  -0.003 

  (0.018)   (0.008)   (0.022) 

ln 𝑇𝑖𝑡
𝑀𝑄

  0.035*** ln 𝐸𝑖𝑡
𝑀𝑄

  0.013** ln 𝑀𝑖𝑡
𝑀𝑄

  0.001 

  (0.013)   (0.007)   0.001 

Year FE Yes Yes  Yes Yes  Yes Yes 
Obs 448 431  448 431  449 438 

𝑅2 0.608 0.622  0.604 0.622  0.599 0.596 

Panel C: Dependent Variable: Technological Knowhow : 𝑠𝜏  

 

 (1) (2)  (3) (4)  (5) (6) 

Total Trade Export openness  Import openness  

ln 𝑇𝑖𝑡
𝑇𝑇 0.110  ln 𝐸𝑖𝑡

𝑇𝑇 0.127  ln 𝑀𝑖𝑡
𝑇𝑇 0.001  

 (0.178)   (0.094)   (0.195)  

ln 𝑇𝑖𝑡
𝑇𝐻𝑇  0.249** ln 𝐸𝑖𝑡

𝑇𝐻𝑇  0.168 ln 𝑀𝑖𝑡
𝑇𝐻𝑇  0.233*** 

  (0.116)   (0.107)   (0.085) 

ln 𝑇𝑖𝑡
𝑇𝐿𝑇  -0.511* ln 𝐸𝑖𝑡

𝑇𝐿𝑇  -0.138 ln 𝑀𝑖𝑡
𝑇𝐿𝑇  -0.562** 

  (0.272)   (0.123)   (0.224) 

ln 𝑇𝑖𝑡
𝐴𝐺  -0.261** ln 𝐸𝑖𝑡

𝐴𝐺  -0.144* ln 𝑀𝑖𝑡
𝐴𝐺  -0.210 

  (0.116)   (0.077)   (0.171) 

ln 𝑇𝑖𝑡
𝑀𝑄

  0.151 ln 𝐸𝑖𝑡
𝑀𝑄

  0.028 ln 𝑀𝑖𝑡
𝑀𝑄

  0.321** 

  (0.141)   (0.067)   (0.126) 

Year FE Yes Yes  Yes Yes  Yes Yes 

Obs 391 386  392 388  391 386 

𝑅2 0.666 0.719  0.669 0.711  0.665 0.697 

 

Notes: The estimates are in non-overlapping 5-year intervals over the period 1996-2015. Numbers in parentheses are country 

level clustered standard errors. *, ** and *** denote 10%, 5% and 1% significance levels, respectively. Total trade openness, 

total export openness and the total import openness are the only trade variables that are included in the regressions in column 

(1), (3), and (5). Population, land area, distance from the equator, institutional quality, a control for major oil producing 

countries, and continental dummies are included in the regressions but not reported for brevity.  
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Table 3.A.3: Channels of Influence, 2SLS estimations (1996-2015) of Gross Enrolment Ratio 

(GER in Logs) 
 Total trade 

(TT) 

 

Total high-  
tech trade (THT) 

Total low- tech 
Trade (TLT) 

Agri Trade  
 (AG) 

Mining and 
quarrying trade 

(MQ) 

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

      Panel A: Total Trade 

Second Stage Regressions 

Dependent Variable: Weighted Gross Enrolment Rate 

ln 𝑇𝑖𝑡
𝑘  0.069** 0.009 0.001 -0.040* 0.037** 

 (0.033) (0.012) (0.041) (0.024) (0.015) 

Obs 448 431 431 431 431 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.644 0.659 0.659 0.659 0.659 

First Stage Regressions 

ln 𝑇𝑖𝑡
�̂�   0.875*** 0.876*** 0.673** 0.921*** 1.004*** 

 (0.038) (0.049) (0.059) (0.088) (0.076) 

F-stat  519.89 107.07 79.02 82.16 68.65 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 

Obs 448 431 431 431 431 

 

Panel B: Exports  

Second Stage Regressions 

Dependent Variable: Weighted Gross Enrolment Rate 

ln 𝐸𝑖𝑡
𝑘  0.042** 0.016 0.007 -0.019* 0.011 

 (0.019) (0.010) (0.019) (0.010) (0.007) 

Obs 448 429 429 429 429 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.644 0.658 0.658 0.658 0.658 

First Stage Regressions 

ln 𝐸𝑖𝑡
�̂�    0.962*** 0.780*** 0.926*** 1.008*** 1.104*** 

 (0.021) (0.055) (0.060) (0.029) (0.035) 

F-stat 2,006.15 70.35 172.77 513.43 294.52 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 

Obs 448 429 429 429 429 

      

Panel C: Imports 

Second Stage Regressions 

Dependent Variable: Weighted Gross Enrolment Rate 

      

ln 𝑀𝑖𝑡
𝑘  0.006 0.011 -0.082* -0.051 0.070** 

 (0.041) (0.012) (0.049) (0.035) (0.028) 

Obs 449 438 438 438 438 

Adjusted R2 0.600 0.611 0.611 0.611 0.611 

First Stage Regressions 

ln 𝑀𝑖𝑡
�̂�    0.781*** 0.882*** 0.637*** 0.928*** 0.916*** 

 (0.090) (0.049) (0.114) (0.086) (0.030) 

F-stat 75.46 130.45 38.65 199.66 327.96 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 

Obs 449 438 438 438 438 

Notes: The IV (2SLS) estimates are in 5-year intervals for sample countries over the period 1996-2015. Numbers in 

parentheses are country level clustered standard errors.  *, ** and *** denote 10%, 5% and 1% significance levels, respectively. 

The instruments for trade openness are based on the gravity equation, which in addition to geographic characteristics, includes 

country and year effects. In addition to predicted trade openness, the first-stage regression includes population size, land area 

and time effects. The baseline controls (distance from the equator, institutional quality, and controls for major oil producing 

economies and continents) are included in the regressions but not reported.  
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Table 3.A.4: Effects of the composition of trade on Gross Enrolment Ratio (𝒔𝒉), IV estimates 

(1996-2015) – GER in logs  

Total export openness/ 

export share 

 

(1) 

Export effect on GER 

 

 

(2) 

Total import openness/ import 

share 

 

(3) 

Import effect on GER 

 

 

(4) 

𝑙𝑛 
𝐸𝑇𝑇

𝐺𝐷𝑃
 

0.018 

(0.013) 𝑙𝑛 
𝑀𝑇𝑇

𝐺𝐷𝑃
 

-0.016 

(0.027) 

F-stat 542.53 F-stat 116.65 

𝑙𝑛
𝐸𝑇𝐻𝑇

𝐸𝑇𝑇
 

0.030* 

(0.010) 𝑙𝑛
𝑀𝑇𝐻𝑇

𝑀𝑇𝑇
 

0.170 

(0.133) 

F-stat 145.37 F-stat 246.69 

𝑙𝑛
𝐸𝑇𝐿𝑇

𝐸𝑇𝑇
 

-0.007 

(0.017) 𝑙𝑛
𝑀𝑇𝐿𝑇

𝑀𝑇𝑇
 

-0.095 

(0.157) 

F-stat 39.91 F-stat 117.63 

𝑙𝑛
𝐸𝐴𝐺

𝐸𝑇𝑇
 

-0.014* 

(0.007) 𝑙𝑛
𝑀𝐴𝐺

𝑀𝑇𝑇
 

-0.042* 

(0.025) 

F-stat 921.73 F-stat 69.27 

𝑙𝑛
𝐸𝑀𝑄

𝐸𝑇𝑇
 

0.013* 

(0.005) 𝑙𝑛
𝑀𝑀𝑄

𝑀𝑇𝑇
 

0.065* 

(0.038) 

F-stat 238.77 F-stat 119.28 

Notes: Numbers in parentheses are country level clustered standard errors.  *, ** and *** denote 10%, 5% and 1% 

significance levels, respectively.  F-stat is the test for excluded instruments in the first stage. 

 
Table 3.A.5: Transmission Channels, 2SLS estimations (1996-2015) of Human Capital Index  

 Total trade 

(TT), (t-1) 

 

Total high- 

tech trade  

(THT), (t-1) 
 

Total low- tech 

Trade 

 (TLT), (t-1) 
 

Agri Trade 

(AG), (t-1) 

 

Mining and 

quarrying trade 

(MQ), (t-1) 
 

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

      Panel A: Export Openness 

Second Stage Regressions- Dependent Variable: log(Human Capital Index (HC_PWT)) 

ln 𝐸𝑖𝑡
𝑘  0.082*** 0.016* 0.024 -0.030*** 0.014** 

 (0.019) (0.009) (0.021) (0.010) (0.007) 

Obs 369 361 361 361 361 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 0.677 0.686 0.686 0.686 0.686 
First Stage Regressions 

ln 𝐸𝑖𝑡
�̂�    1.011*** 0.857*** 0.924*** 0.996*** 1.125*** 

 (0.038) (0.057) (0.068) (0.025) (0.039) 

F-stat 702.60 84.02 127.91 530.92 216.01 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 

Obs 369 361 361 361 361 

      

Panel B: Import Openness 

Second Stage Regressions- Dependent Variable: log(Human Capital Index (HC_PWT)) 

      

ln 𝑀𝑖𝑡
𝑘  0.041 0.019* -0.019 -0.121*** 0.093*** 

 (0.042) (0.011) (0.055) (0.045) (0.030) 

Obs 368 367 367 367 367 

Adjusted R2 0.646 0.664 0.664 0.664 0.664 

First Stage Regressions 

ln 𝑀𝑖𝑡
�̂�    0.805*** 0.938*** 0.626*** 0.922*** 0.914*** 

 (0.073) (0.029) (0.084) (0.099) (0.033) 

F-stat 122.70 311.31 41.81 154.97 314.59 

P-Value of F-stat 0.000 0.000 0.000 0.000 0.000 

Obs 368 367 367 367 367 
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CHAPTER 4: Output Effects of Currency Depreciation: Evidence 

from Small Open Economies in Asia 

 

4.1 Introduction  

This study is motivated by the enigma faced by central banks in small open economies 

in optimally managing the exchange rates to achieve their specific macroeconomic objectives.  

In today’s context, the majority of economies manage their exchange rate under a soft peg or a 

floating arrangement (IMF, 2018). The foreign debt stock of the Asian economies has increased 

at a rapid rate over the past decade, of which the external debt stock of South Asian economies 

has expanded by 13.3 per cent in a single year in 2017 (IDS, 2017). Due to their nature of 

higher exposure to external debt, the central banks of such economies typically face increasing 

pressure from the government to limit currency depreciation. This is done to avoid higher 

external debt service payments in domestic currency terms and the possible unpopularity of the 

government due to external debt exposure. Conversely, there is increasing intervention by 

international organizations like the International Monetary Fund (IMF) in managing the 

exchange rate of these economies. Typically, small open economies in Asia are on a program 

in agreement with the IMF14 for assisting external sector vulnerabilities (Woods, 2008). On 

these grounds, there exists an increasing pressure from IMF to allow the domestic currency to 

depreciate by limiting the central bank’s intervention in the domestic foreign exchange market, 

with a view to promoting depreciation led growth in exports and output. Hence, this paper 

attempts to find an empirical solution for the dilemma faced by a central bank in a small open 

economy holding external debt by testing the hypothesis that exchange rate depreciation is 

expansionary for small-open economies. 

Small open economies often use the exchange rate as their policy instrument, compared 

to the interest rate rule as a growth influencer and in lowering the volatility of key macro-

economic variables. The literature finds that if the uncovered interest parity condition does not 

hold between two economies, then the exchange rate rule outperforms the interest rate rule 

(Santacreu, 2015). Exchange rate-related literature in past decades highlights the importance 

of exchange rate policies in open economies in conjunction with fiscal and monetary policies 

(Guzman et al., 2018). The traditional view of exchange rate and growth theory suggests that 

 
14 Out of the sample selected, only Malaysia and Singapore have not undertaken a facility from the IMF since its 

membership with the IMF. Other countries, on average, have obtained around 11 facilities from the IMF (data are from IMF, 

retrieved on 05 April, 2019) 
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devaluation increases real output and economic growth. As argued in the Keynesian model, 

devaluation of the exchange rate is considered as a pioneering policy in reducing the trade 

deficit through the expenditure-switching effect. In the early ages, Meade (1955) argued that 

devaluation switches expenditure away from foreign goods towards domestic goods, thus 

favouring the external current account, as well as the real output of the economy. Gylfason and 

Schmid (1983), Missio et al. (2015), and Kyophilavong et al. (2019), among others, also 

supported the traditional view of expansionary effects of devaluation.  

However, an alternative view of devaluation has shown that the traditional view is valid 

only for developed and industrial economies where the trade flows are relatively sensitive to 

changes in the exchange rate, whereas devaluation could have adverse effects on developing 

and semi-industrialised economies with trade flows relatively insensitive to price and exchange 

rate changes (Krugman and Taylor, 1978). Extending the model in Khan and Knight (1981) by 

including money surprises and changes in terms of trade and fiscal considerations, Edwards 

(1986) concluded that, for developing economies, devaluation has contractionary effects on 

real output only in the short-run, and none in the long-run. The expansionary view of 

devaluation has been challenged in the context of developing and semi-industrialised 

economies due to their holding of high foreign debt, factor imports, and interest payments, 

which possibly hinder short-term to medium-term effects of devaluation on growth (Gylfason 

and Risager, 1984). However, the question of whether devaluation helps to enhance real output 

is broadly unsettled in the growth literature (Edwards, 1986; Guzman et al.,2018).   

The growth literature firmly suggests human capital, innovation, and physical capital 

accumulation as key determinants of economic growth and output in the long-run (Mankiw et 

al., 1992; Barro, 1997; Howitt and Aghion, 1998; Madsen, 2010). By means of output 

regression based on Solow-growth-model, the focus of this paper is first on the estimation of 

key determinants of output for selected small open economies in Asia over more than five 

decades between 1960-2017. Secondly, a new measure of the real effective exchange rate 

(REER) is constructed and then included into the basic regression to explicitly estimate the 

impact of REER on output. Thereafter, fundamental determinants of output, as previously 

identified in the literature, are examined to understand the REER infused growth promoters 

through the supplementary models of innovation, investment, and education. The relationship 

between the REER and key drivers of growth/output is established under the assumption of 

increased savings through the improvement in the external current account subsequent to a 

currency devaluation or a depreciation.  
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The contribution of this paper is three-fold. First, it seeks to identify the direct impact of 

changes in REER on output per capita over the last five decades in the selected Asian 

economies15, employing a novel measure for REER constructed using competitor weights. 

Trade-partner weighted exchange rate indices are frequently used in the literature to measure 

the impact of exchange rates on different macroeconomic variables. However, in measuring 

export competitiveness, competitor-weighted indices are markedly proven to be better 

(Hargreaves et al., 1991). This study constructs a competitor-weighted nominal effective 

exchange rate (NEER) index covering the period of 1960-2017 for each country in the sample. 

Such constructed NEER index is then used to construct two REER measures called REER_CPI, 

in which NEER is deflated by Consumer Price Index (CPI), and REER_EUV, in which NEER 

deflated by Export Unit Value (EUV) Index.  

Second, pushing the literature forward, this study examines the transmission of changes 

in REER into the output per capita. New insights are generated, linking REER effects and key 

drivers of output through domestic savings. As supplementary models, innovation, investment, 

and education – which are the key drivers of output – are regressed with the main determinants 

of such drivers as already proposed in current literature. As a novelty, I include REER with 

other regressors to identify the transmission channel of REER effects to output per capita 

through factors of production.  

Third, this study attempts to address the endogeneity effect of exchange rate on growth 

by employing new external instruments for the exchange rate. The growth literature is rife with 

debates on the validity of the exchange rate driven impact on growth and output, as the 

exchange rate is considered to be an endogenous variable due to many reasons (Razin and 

Collins, 1997; Devereux et al., 2004; Rincon and Rodríguez-Niño, 2018). Among other things, 

the monetary approach establishes that an increase in domestic income would increase money 

demand, which leads to a decrease in domestic expenditure and consequent reduction in 

domestic prices, in turn leading to an appreciation in the exchange rate (Jimoh, 2004). 

Furthermore, as Frenkel (1976) suggests, higher nominal domestic interest rate (following an 

increase in output) would lower spending, thus generating surpluses in the balance of payments 

which will result in an appreciation in the exchange rate. Hence, economists are sceptical, as it 

is difficult to disentangle the exogenous exchange rate effects on growth. I propose new 

external instruments for exchange rate. For the simplicity of the paper, and as it is difficult to 

 
15 This empirical study uses data for nine economies in Asia at different levels of economic development and with 

different degrees of export diversification. The selection of the sample and the sample period are mainly based on data 

availability.  
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find many instruments for the exchange rate which satisfies the exclusion restriction, 

instruments are kept to a minimum.  

Depreciation in the exchange rate could affect the macroeconomy in many ways; 

intuitively, there are four key channels. First, the expenditure switching effect; depending on 

the price elasticities of imports and exports, depreciation will switch expenditure away from 

imported goods towards domestically-produced goods and promote exports, thus improving 

the trade balance in domestic currency terms. However, if the price elasticity of import demand 

is less, then depreciation would worsen generating a recessionary effect at least in the short-

run (Edwards, 1986). Secondly, depreciation makes domestic production of tradable goods 

much more expensive by higher expenditure on imported inputs. In semi-industrialised 

economies with higher dependence on imported inputs for manufacturing – which cannot be 

easily substituted with domestic inputs – a sudden depreciation will increase the input costs. 

Under the assumption of credit rationing from financial institutions in working capital 

financing, it is not possible to increase working capital to finance the increase in output cost, 

hence reducing production (Bruno, 1979). Thirdly, as Alejandro (1963) noted, consequent to a 

depreciation in the exchange rate, the transfer of real income from workers to capitalists – with 

a high propensity to save – will result in a reduction of consumption expenditure, and hence 

lower economic growth. This was further established by Krugman and Taylor (1978). Fourthly, 

devaluation will increase the interest payments on external debt, reducing the future output, as 

these resources could otherwise be invested in production generating activities (Gylfason and 

Risager, 1984). Whatsoever the channel, it could ultimately affect the real output. Hence, this 

study attempts to estimate the final effect of depreciation on real output in small open 

economies.  

The rest of the chapter is organised as follows. Section 4.2 provides an overview of the 

current literature on exchange rate and output behaviour. Section 4.3 details the theoretical 

background, modelling strategy, and the data used in the study. Section 4.4 briefly explains the 

compilation mechanism of competitor weighed REER, with a detailed explanation in Annexure 

4.A.1. Section 4.5 discusses the empirical results, while Section 4.6 concludes with a policy 

discussion.  
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4.2 Literature Review 

In order to evaluate the effect of devaluation/depreciation16 on output, four alternative 

approaches have been followed in the current literature. The first is the before-after approach, 

in which the impact of devaluation is analysed over two periods: one before, and one after, the 

currency depreciation. The second is the control-group approach, which attempts to distinguish 

between the effect of devaluation and other factors. The third is the econometric approach, in 

which different time series techniques are used to estimate the relationship between 

devaluation/depreciation and the real output of economies, with the fourth being a macro-

simulation approach to estimate the impact of devaluation on real output/income. The 

following paragraphs summarise the main studies found in the literature under each approach, 

highlighting the main weaknesses and strengths seen under each approach.   

Before-after approach has been followed by Alejandro (1963) for Argentina, by Cooper 

(1971) in a seminal paper for nineteen developing countries, and by Salant (1976) in assessing 

devaluation on trade balance. These studies, in general, find contractionary tendencies after 

devaluations. This approach has been applied by Mosugu and Anieting (2016) in intervention 

analysis of Nigeria’s Foreign Exchange Rate. Due to many weaknesses, however, this has not 

been popular as a mechanism to estimate the effect of devaluation on output and economic 

growth. Among other things, the main drawback of this technique is that other external and 

domestic determinants of output also change during the devaluation period, thus hindering the 

ability to isolate the impact of devaluation from other changes (Agenor, 1991). 

The control-group approach addresses the main weakness found in the before-after 

approach, as it allows for distinguishing between the effect of devaluation and the effect of 

other factors on the output. In this approach both control and treatment groups face the same 

external environment; therefore, the only difference between the two groups should be the 

effect of devaluation. Some of the key studies that are conducted employing control-group 

approach to estimate the devaluation effect on developing countries are Gylfason (1987), 

Kamin (1988), Edwards (1989), and Khan (1990). Gylfason (1987) finds no significant 

difference between output growth between countries with an IMF program to stabilise the 

exchange rate and countries without IMF programs. Kamin (1988) finds that a contraction in 

output is not typical in most instances of devaluation, and that the contractions mostly occur in 

the year preceding the devaluation. The main conclusion arrived at by Edwards (1989) is that 

 
16 Though devaluation differs from depreciation in technical terms, where devaluation is a country’s conscious decision 

to lower the value of local currency under a fixed exchange rate regime while depreciation is when there is a fall in value of 

local currency due to market forces in a floating regime, we use both interchangeably in this study. 



     

OUTPUT EFFECTS OF CURRENCY DEPRECIATION                                   Chapter 4                                            

                            

109 

 

even though an economic contraction is observed in developing countries, it is not possible to 

separate the effect of devaluation from other accompanying economic policies. Khan (1990) 

finds that the depreciation in real exchange rate hurts economic growth rate, although the 

coefficient is not statistically significant. Among more recent studies, Yang (2018) applies the 

control-group mechanism to test the impact of RMB (Chinese Renminbi) depreciation on 

export innovation, and finds that devaluation promotes innovation in export enterprises. 

However, the acceptability of this approach is also limited, since devaluing countries do 

significantly defer from non-devaluing countries prior to the devaluation episodes and, thus, 

this difference matters when isolating the effect of devaluation.  

The third approach, ‘the econometric approach’, has been employed frequently in many 

studies on the exchange rate and macroeconomics literature over the period. Their findings 

mainly support two views of exchange rate devaluation: contractionary view of devaluation and 

expansionary view of devaluation. Some studies that find contractionary effects of devaluation 

in the short-run and neutral effects in the long-run are Edwards (1986) and (1989), Kamin and 

Rogers (2000), and Yildirim and Ivrendi (2016). Expansionary view of devaluation is supported 

by Rodrik (2008) in the case of developing countries, Kim et al. (2015) for developed countries, 

Missio et al. (2015) with two samples of countries, and Habib et al. (2017) using external 

instruments. Furthermore, Janus and Riera-Crichton (2015), using OECD data conclude that 

less volatility in the exchange rate promotes economic growth, while Aghion et al. (2009) show 

that a higher exchange rate volatility supports growth of economies with a deep capital market. 

The main criticism against the econometric approach is the ad hoc selection of the reduced form 

output equation. This leads to simultaneity and specification bias problems.  

The macro-simulation approach is considered the fourth approach in estimating the 

impact of devaluation on real income or output. Krugman and Taylor (1978), Gylfason and 

Schmid (1983), and Gylfason and Risager (1984) theoretically prove that a devaluation has a 

conflicting effect on output. On one hand, devaluation will generate an expansionary effect 

through aggregate demand, while on the other hand, it creates a negative effect on output 

through higher costs of imported input raw materials, intermediate inputs, and foreign debt 

service. Using calibration procedure, this approach is capable of providing a considerable level 

of information on exchange rate devaluation transmission onto output. However, the reliability 

of estimates that are arrived at using this approach is questionable, as this method uses imputed 

parameter values and guesstimates.    
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4.3 Theoretical Framework, Modelling Strategy, Data, and the Sample 

4.3.1 Theoretical Framework and Modelling Strategy  

The modelling strategy of the research is as follows: I begin with the Cobb-Douglas production 

function to understand the key drivers of production in the long-run. Thereafter, I introduce the 

Real Effective Exchange Rate (REER) as a determinant of output to measure the direct impact 

of REER depreciation on the output in the long-run. Then, following Madsen and Ang (2016) 

separate models are estimated for main drivers of production; namely, investment in physical 

capital (𝑖𝑛𝑣𝑒𝑠𝑡), human capital (ℎ𝑐), and domestic innovation (𝑝𝑎𝑡/𝐿). An OLS model with 

fixed effects is first employed to estimate the key drivers of output and the effect of REER on 

each key determinant of output treating REER as exogenous. The direct impact of REER on 

output per capita and the indirect effect of REER through key drivers of output are estimated 

separately. Then, by relaxing the assumption of exogeneity of the exchange rate, external 

instruments are employed to deal with endogeneity in REER.  

4.3.1.1 Gross Domestic Product 

To set the theoretical model, I mainly rely on the augmented Solow model (Mankiw et al., 

1992). Further augmentation of the Solow model was then considered following Nonneman 

and Vanhoudt (1996) by adding innovation and technological know-how into the production 

function in the sense of innovation for new products. I assume the following Cobb-Douglass 

production function with 𝒎 types of capital as inputs for production, in addition to labour. For 

my purpose, m=3, namely: physical capital, human capital, and innovation. The model does 

not assume any externalities, imperfect competition, and spill-overs.   

 

𝑌𝑡 = 𝑐𝐿𝑡
(1−∑ 𝛼𝑗

𝑚
𝑗=1 ) 𝐾1𝑡

𝛼1 , … , 𝐾𝑚𝑡

𝛼𝑚 ,                                                                                                            (4.1) 

where, 𝑌 is output; L is labour (effective), K is capital of type 𝑗 (𝑗 = 1, … , 𝑚); 𝑐 and 𝛼𝑗 are 

constants where 𝛼𝑗  represent the share of each capital “j” in total output. Labour L is assumed 

to grow at the rate of  𝑛 due to the growth in population and exogenous growth in labour 

productivity. Assume 𝑠𝑘, 𝑠ℎ 𝑎𝑛𝑑 𝑠𝜏 to be the fractions of income invested in physical capital, 

human capital, and technological know-how (innovation), respectively. Let us define 𝑘𝑡, ℎ𝑡,  

and 𝜏𝑡 as the stock of physical capital, stock of human capital, and stock of know-how per unit 

of labour, respectively. Therefore, the evolution of the economy is determined by the 

accumulation of 𝑘𝑡, ℎ𝑡 and 𝜏𝑡 as follows; 
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�̇�𝑡 =  𝑠𝑘𝑦𝑡 − (𝑛 + 𝛿𝑘)𝑘𝑡,                                                                                               (4.2) 

ℎ�̇� =  𝑠ℎ𝑦𝑡 − (𝑛 + 𝛿ℎ)ℎ𝑡,                                                                                               (4.3) 

𝜏�̇� =  𝑠𝜏𝑦𝑡 − (𝑛 + 𝛿𝜏)𝜏𝑡,                                                                                                (4.4) 

where, 𝑦 = 𝑌/𝐿,  𝑘 = 𝐾/𝐿,  ℎ = 𝐻/𝐿 and  𝜏 = 𝑇/𝐿 are all given as quantities per unit of 

labour. 𝛿𝑗 are the rate of depreciation of each capital and 𝑛 is the growth rate of labour.   

At the steady state level of the economy, substituting steady state levels of physical 

capital, human capital, and know-how into the production function and taking logs will generate 

an equation for income (GDP) per capita as follows;   

ln(𝑦∗) =  
𝑐

1−∑ 𝛼
+ 

𝛼1

1−∑ 𝛼
[ln(𝑠1) − ln(𝑛 + 𝛿1)]+…….+ 

𝛼𝑚

1−∑ 𝛼
[ln(𝑠𝑚) − ln(𝑛 + 𝛿𝑚)]  + 휀𝑗             

(4.5) 

From this model, the empirical specification for the textbook Solow model with only 

physical capital (m=1) in the production function can be written as follows; 

ln(𝑦∗) = 𝛼0 +
𝛼1

1−𝛼1
ln(𝑠1) −

𝛼1

1−𝛼1
ln(𝑛1 + 𝛿) + 휀1               (4.6) 

In the model under consideration, I assume 𝑚 = 3, because of three types of capital: 𝑘 =

  physical capital, ℎ= human capital, and 𝜏= technological know-how. Therefore, we can 

rewrite eq (4.6) as follows for a country “i” at time t; 

ln(𝑌/𝐿)𝑖,𝑡 = 𝑙𝑛𝐴0 −
𝛼𝑘+𝛼ℎ+𝛼𝜏

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln(𝑛𝑖 + 𝛿) +

𝛼𝑘

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln 𝑠𝑘𝑖

+
𝛼ℎ

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln 𝑠ℎ𝑖

+

 
𝛼𝜏

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln 𝑠𝜏𝑖

                                                                                                            (4.7) 

In this model, I assume that depreciation rates are at a constant rate of 𝛿 across countries 

and across different types of capital. However, as the term 𝐴0 does not only represent the level 

of technology, but also the resource endowments and institutions at the country level, it is 

assumed to vary across countries. Hence, I assume that,    

𝑙𝑛𝐴0 = 𝑎 +  휀𝑖 ,                                                                                                                      (4.8) 

where, 𝑎 is the constant and 휀𝑖 represents country-specific shock. Therefore, the log income 

per capita for simplicity can be specified as follows for every country i;  

ln(𝑌/𝐿)𝑖,𝑡 = 𝑎 −
𝛼𝑘+𝛼ℎ+𝛼𝜏

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln(𝑛𝑖 + 𝛿) +

𝛼𝑘

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln 𝑠𝑘𝑖,𝑡

+
𝛼ℎ

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln 𝑠ℎ𝑖,𝑡

+

 
𝛼𝜏

1−(𝛼𝑘+𝛼ℎ+𝛼𝜏)
ln 𝑠𝜏𝑖,𝑡

  + 휀𝑖 ,                                                                                                               (4.9) 
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It is further assumed that 𝑠𝑘, 𝑠ℎ, 𝑠𝜏, and 𝑛 are independent of country specific factors 

changing the production function, thus independent of the error term. Equation (4.9) shows 

how income per capita is dependent on the growth of population (𝑛), accumulation of physical 

capital (𝑠𝑘), accumulation of human capital (𝑠ℎ), and technological know-how (𝑠𝜏). On priori 

grounds, I expect the growth in population (𝑛𝑖) lowers the per capita income (𝑌/𝐿), as all types 

of capital should be spread out over a large population. Accumulation of all types of capital is 

expected to have a positive impact on the economy. For the empirical investigation, the model 

in equation (4.9) is rewritten as follows; 

ln(𝑌/𝐿)𝑖,𝑡 = 𝛾0 +  𝛾1 ln 𝑖𝑛𝑣𝑒𝑠𝑡𝑖,𝑡 +  𝛾2ln ℎ𝑐𝑖,𝑡 + 𝛾3ln (𝑝𝑎𝑡 𝐿⁄ )𝑖,𝑡 +  𝛾4ln 𝑝𝑜𝑝𝑔𝑖,𝑡 +  𝐶𝐷𝑡 +

𝑇𝐷𝑖 + 휀𝑖,𝑡,                             (4.10)                                                                                                                                                                                                                                                                                                                                                              

where, 𝑌/𝐿   is real GDP per capita; 𝑖𝑛𝑣𝑒𝑠𝑡 is real investment in fixed assets; ℎ𝑐 is the human 

capital proxied by years of schooling and returns to education, 𝑝𝑜𝑝𝑔 is the population growth; 

𝑃𝑎𝑡/𝐿  is patent intensity, i.e., domestic patents applications per million of population which 

proxies the domestic innovation capacity (know-how). 𝐶𝐷 is the country effect, and 𝑇𝐷 

captures the time effect, whereas ε1,𝑖,𝑡 is the error term which is independently distributed 

among the countries, i  and years, t.  

Then, REER is added as an independent variable in the model.  

ln(𝑌/𝐿)𝑖,𝑡 = 𝜗0 +  𝜗1 ln 𝑅𝐸𝐸𝑅𝑖,𝑡 + 𝜗2 ln 𝑖𝑛𝑣𝑒𝑠𝑡𝑖,𝑡 + 𝜗3ln ℎ𝑐𝑖,𝑡 +  𝜗4 ln  (𝑝𝑎𝑡 𝐿⁄ )𝑖,𝑡 +

𝜗5ln 𝑝𝑜𝑝𝑔𝑖,𝑡 + 𝐶𝐷𝑡 + 𝑇𝐷𝑖 + 휀𝑖,𝑡,                                                                                      (4.11)                                                                                                                     

where, 𝑅𝐸𝐸𝑅 is the competitor weighted Real Effective Exchange Rate and other variable 

remained as previously explained. I am interested in the coefficient 𝜗1, in equation (4.11), 

which captures the elasticity of real GDP per capita with respect to REER. Following the 

Keynesian approach of open-economy macroeconomics, I expect the coefficient 𝜗1  to be 

negative. This means that a depreciation in the real exchange rate (reduction in REER index) 

enhances the output. This will be the direct impact of REER on output per capita in the long-

run, and captures the effect of REER on output per capita to the extent that it does not go 

through the other regressors in the model. The coefficient 𝜗2 captures the impact of investment 

on physical capital on output; hence, I expect a positive relationship. Similarly, investment on 

human capital is expected to create a positive impact on the real output; hence, the coefficient 

𝜗3 is also anticipated to be positive. The innovation intensity in the economy that is captured 



     

OUTPUT EFFECTS OF CURRENCY DEPRECIATION                                   Chapter 4                                            

                            

113 

 

by patents registrations,  𝑝𝑎𝑡 𝐿⁄ , will assist in increasing the production; thus,  𝜗4 is expected 

to be positive. As the augmented Solow model explains, a higher growth in population requires 

investment in both physical capital and human capital to be distributed thinly among the 

population; therefore, I expect the coefficient 𝜗5 to be negative.  

4.3.1.2 Innovation Intensity and Technical Know-how 

Domestic innovation is proxied by patents applications by residents (patents intensity) and 

explained by the following model:  

ln(𝑃𝑎𝑡/𝐿)𝑖,𝑡 = 𝛽0 +  𝛽1 ln 𝑅𝐸𝐸𝑅𝑖,𝑡 +  𝛽2 ln 𝐹𝑖𝑛𝑑𝑒𝑣𝑖,𝑡 +   + 𝛽3 ln 𝐼𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑠𝑖,𝑡 +

 𝛽4lnℎ𝑐𝑖,𝑡 + 𝐶𝐷𝑡 + 𝑇𝐷𝑖 + 휀𝑖,𝑡,                                                              (4.12)                                       

where, 𝑃𝑎𝑡/𝐿 is the patents intensity which is measured as patents applications per million 

people; 𝑅𝐸𝐸𝑅 is the competitor weighted Real Effective Exchange Rate; 𝐹𝑖𝑛𝑑𝑒𝑣 is financial 

development, proxied by private sector credit as a percentage of GDP; 𝐼𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑠 is the 

institutional quality, which is proxied by the executive respect for the constitution; ℎ𝑐 is the 

human capital proxied by years of schooling and returns to education. 

Following the growth literature, the coefficient 𝛽1 is expected to be negative, as the 

depreciation in the exchange rate promotes exports, which would encourage more patents 

applications by domestic residents. The main justification for this occurrence is that the 

discounted returns to R&D increase; 𝛽2 to be positive as increasing availability of credit for 

innovators will increase the propensity for R&D and patent applications due to the increase in 

availability of funds at lower cost; 𝛽3 to be positive as 𝐼𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑠 capture the quality of 

institutions and the political constraints in the economy, with more constraints increasing good 

governance so that entrepreneurs can realise the expected returns of their investments; and  𝛽4 

to be positive as the level of educational attainment is considered as the key determinant of 

innovation.  

4.3.1.3 Investment  

The following investment model is estimated: 

ln 𝐼𝑛𝑣𝑒𝑠𝑡𝑖,𝑡 = 𝜌0 +  𝜌1 ln 𝑅𝐸𝐸𝑅𝑖,𝑡 + 𝜌2 ln 𝐴𝑔𝑒𝑑𝑒𝑝𝑖,𝑡 +  𝜌3𝑅𝑒𝑎𝑙𝑔𝑟𝑜𝑤𝑡ℎ𝑖,𝑡 +

𝜌4 ln 𝐹𝑖𝑛𝑑𝑒𝑣𝑖,𝑡 + 𝐶𝐷𝑡 + 𝑇𝐷𝑖 + 휀𝑖,𝑡,                                                                       (4.13) 
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where, 𝐼𝑛𝑣𝑒𝑠𝑡 is the real investment in fixed assets17. 𝐴𝑔𝑒𝑑𝑒𝑝 is the old age dependency ratio, 

which is the population older than 64 years as a per cent of working-age population; 

𝑅𝑒𝑎𝑙𝑔𝑟𝑜𝑤𝑡ℎ is real GDP growth, while 𝐹𝑖𝑛𝑑𝑒𝑣 is the private sector credit as a percentage of 

GDP, which captures the level of financial development.  

The coefficient of REER (𝜌1) is expected to be negative. This is because the improvement 

in the current account subsequent to a depreciation in currency will result in an increase in 

domestic savings as a result of the expenditure switching towards domestic production that 

improves the current account (CA); thus, savings. It is expected that 𝐴𝑔𝑒𝑑𝑒𝑝 is to have negative 

impact on savings and investment, according to the life-cycle theory; 𝑅𝑒𝑎𝑙𝑔𝑟𝑜𝑤𝑡ℎ to be 

positive, as a higher income increases the ability to save and invest more following Chirinko 

(1993); and 𝐹𝑖𝑛𝑑𝑒𝑣 to be positive due to provision of financial intermediation and access to 

credit at lower cost for investment.  

4.3.1.4 Schooling/Human Capital 

The model for schooling will capture the impact of REER and other explanatory variables on 

the gross enrolment ratio at different education levels, namely; primary schooling, secondary 

schooling, and tertiary education. Even though human capital is the deciding factor of output 

of the economy in the long-run, I cannot expect any impact of the contemporary changes in 

exchange rate policy on human capital, with the latter being the outcome of a decision made 

many years ago. Hence, most importantly, I do not use education attainment to proxy human 

capital as done in the conventional growth regressions. However, it is obvious that current 

enrolment ratio and human capital is positively correlated. Therefore, the effect of REER 

depreciation and other factors on school enrolment ratio are examined.  

 

ln 𝐺𝐸𝑅𝑖,𝑡 = 𝑣0 +  𝑣1 ln 𝑅𝐸𝐸𝑅𝑖,𝑡 +  𝑣2 ln 𝐼𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑠𝑖,𝑡 + 𝑣3 ln 𝐹𝑖𝑛𝑑𝑒𝑣𝑖,𝑡 +

𝑣4  ln 𝐿𝑖𝑓𝑒𝑒𝑥𝑝𝑖,𝑡 +  𝑣4  ln 𝑅𝑒𝑎𝑙𝑖𝑖,𝑡 + 𝐶𝐷𝑡 + 𝑇𝐷𝑖 + 휀𝑖,𝑡,                                                       (4.14)                                                             

 

where, 𝐺𝐸𝑅 is the weighted gross enrolment ratio calculated as follows; [Primary 

enrolments*7/17+secondary enrolments*5/17+tertiary enrolments*5/17]/3; 𝑅𝑒𝑎𝑙𝑖 is the real 

 
17 Real investment in fixed assets is calculated as the sum of investment in machinery and equipment, 

transport equipment and in other assets (which are the assets other than non-residential structures, machinery and 

equipment and transport equipment) at current prices deflated by respective investment price index. All 

investment data at current prices and the respective price indices are from Penn World Table. The considered 

price indices are investment price index for machinery and (non-transport) equipment (2017=1), investment price 

index for transport equipment (2017=1) and investment price index for other assets (2017=1). Real investment is 

then taken as a percentage of real GDP. 
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interest rate, 𝐿𝑖𝑓𝑒𝑒𝑥𝑝 is life expectancy at birth,  and the other variables in equation (4.14) are 

as previously explained. The coefficient for REER is expected to be negative as the increase in 

savings subsequent to current account improvement due to devaluation will increase facilities 

and provision of schools attracting more students to schools. 𝐼𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑠 capture the level of 

political decency prevailing in the country; hence, a positive relationship is expected with 

regard to school enrolment. Financial development promotes financial intermediation, easy 

access to credit, and lower cost of financing, and thus, a positive relationship between 𝐹𝑖𝑛𝑑𝑒𝑣 

and school enrolment is expected. School enrolment depends on the life expectancy at the time 

of enrolling at schools; however, I expect life expectancy at birth to be correlated with life 

expectancy at the time of taking schooling decisions; hence, a positive relationship between life 

expectancy at birth and school enrolment is expected.  

 

4.3.2 Data and the Sample 

The study employs annual macroeconomic data ranging from 1960 to 2017 covering nine 

economies in Asia at different stages of economic development with diversified export baskets, 

namely: India, Indonesia, Iran, Japan, Korea, Malaysia, the Philippines, Singapore, and Sri 

Lanka. The selection of the sample is largely based on the data availability, hence  the sample 

is heterogeneous in size. However, it can be considered a representative sample, as it includes 

economies at different development and income levels with different exchange rate regimes. 

The data covers both the Bretton Woods period, and the post Bretton Woods period. 

Data for the compilation of REER indices are sourced from IMF-IFS statistics, world 

integrated trade solution (WITS) database, UN trade database and world development 

indicators (WDI) of the World Bank. A brief note on the compilation of the new REER index 

is detailed in Section 4.4, while the detailed compilation methodology is provided in Appendix 

4.A.1. Data on population, real growth rate, patents applications, school enrolment, life 

expectancy at birth, age dependency ratio, domestic real interest rates, and private sector credit 

is from the WDI database of the World Bank. Data on real investment in fixed capital is from 

Penn World Tables.  

Following a common approach in the literature, I consider human capital based on years 

of schooling and returns to education in the main GDP model. The human capital index of Penn 

World Tables, PWT Mark 9.1 – which considers average years of schooling and returns to 

education in constructing human capital index – is used. As this measure of human capital 

reflects accumulated stock of knowledge over a long period of time, which is not affected by 
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the current macroeconomic factors such as exchange rate movements, data on school enrolment 

is used in the human capital sub-model in order to better capture the effects of exchange rate 

changes on contemporary school enrolment decisions. Nevertheless, there were some 

constrains due to the data limitations for the sample. School enrolment data was unavailable for 

Japan and Singapore, while a limited data availability is observed for Iran, Sri Lanka, and the 

Philippines; however, the results are robust to the inclusion of human capital index in place of 

the weighted gross enrolment rate18. Fed fund rate is obtained from the Federal Reserve Bank 

of St. Louis website (https://fred.stlouisfed.org/: accessed on 2nd October 2019).    

 

Table 4.1: Summary Statistics 
Variable Obs Mean Std. Dev. Min Max 

Real per capita  GDP in USD (logs)  522 8.772 1.102 6.940 11.491 

REER_CPI (logs) 522 4.953 0.482 3.917 6.460 

REER_EUV (logs) 522 4.890 1.118 2.894 8.384 

REER_IMF (logs) 522 5.203 1.080 0.693 6.246 

Population growth (logs) 512 0.436 0.751 -4.668 1.672 

Human capital (logs) 522 0.728 0.326 0.066 1.380 

Real Investment- real gross cap. (logs) 511 7.502 0.965 5.490 15.410 

Real investment on fixed assets structures (log) 512 -7.563 2.810 -12.423 -0.606 

Patents (logs) 437 2.875 2.628 0.000 8.103 

Executive constraint (logs) 522 0.600 0.274 0.049 0.936 

Federal reserve fund rate (logs) 513 1.140 1.360 -2.417 2.796 

Weighted gross school enrolments (logs) 239 3.125 0.210 2.541 3.516 

Savings as a % of GDP (logs) 510 3.149 0.590 -0.485 4.006 

Young age dependency (logs) 522 5.277 0.950 0.693 6.260 

Real GDP growth rate  522 5.438 4.198 -13.127 16.921 

Life expectancy (logs) 522 4.197 0.142 3.718 4.431 

Real interest rate 455 3.105 5.675 -24.600 22.957 

Financial development (logs) 499 3.695 0.847 1.748 5.399 

Official reserves (USD Mn) 487 78,155.73 201,148 105,962 173,513 

Note: Annual observations for 9 countries.  

As a proxy for institutional quality, I use the variable ‘v2x_jucon’ from the V-Dem database, 

which shows the extent to which the executive respects the constitution and complies with court 

rulings, ranging in the interval 0-1, where 0 is for the least respect and 1 is for the highest 

respect. As an alternative proxy for institutional quality, I use the “executive constraints” 

variable from the Polity IV database, which shows limitations on the executive’s actions. The 

degree of checks and balances between the various parts of the government is coded on a 7-

 
18 The gross enrolment ratio is calculated as follows; (Primary enrolments*7/17+secondary enrolments*5/17+tertiary 

enrolments*5/17)/3 
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point scale, which ranges from “unlimited executive authority” to “executive parity or 

subordination” with values between 1-7. I find robust results irrespective of the choice proxy 

for institutional quality. The data on GDP at current prices is from the World Development 

Indicators (WDI). The real GDP per capita are both from the WDI and Penn World Tables, 

PWT Mark 9.1, where I use the output-side real GDP at chained PPPs (in mil. 2011US$) divided 

by population from PWT in the baseline regressions, as it is in PPP basis. A detailed table 

(4.A.11) describing data sources is available in Appendix 4.A.  

 

Table 4.1 provides summary statistics for the sample, showing that mean values of all the REER 

indices are almost similar; however, standard deviation of REER_CPI, which is used for the 

baseline analysis, is substantially lower than the other two REER measures.   

 

4.4 Compilation of Competitor-weighted Real Effective Exchange Rate 

Index 

Contributing to the existing pool of data, two series of Real Effective Exchange Rate (REER) 

indices – each weighted by competitor share, with one deflated by Consumer Price Index(CPI) 

and the other by Export Unit Value Index (EUV) – were compiled for each country in the 

sample for the period 1960-2017. The main purpose of this effort is to construct an index in 

order to assess the value of the domestic currency against the group of main competitors for 

the individual countries in the international market. When it comes to competitiveness, it is 

more rational to measure the level of competitiveness of a particular country against 

competitors, rather than against its trading partners ( Hargreaves et al., 1991; Forsyth and 

Dwyer, 2010). First, I construct a Nominal Effective Exchange Rate (NEER) index. The NEER 

index is the weighted geometric average of bilateral exchange rates of major competitors. The 

weights are calculated based on the proportion of the presence in the international market for 

the main export products of the country in concern. 

𝑁𝐸𝐸𝑅 =  ∏ (𝑒 𝑒𝑖⁄ )𝑤𝑖𝑛
𝑖=1                 (4.15) 

where, e: Exchange rate of domestic currency against the US dollar (e.g.: US dollars per Sri 

Lanka rupee), hence an increase means an appreciation; 𝑒𝑖 is the exchange rate of currency of 

competitor country ‘i’ against US dollar (e.g.: US dollars per Japanese yen) and 𝑤𝑖 are the 

weights attached to competitor ‘i’ in the index.  
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The REER_CPI is obtained by adjusting NEER for inflation differential between the domestic 

country and respective competitor country, while REER_EUV is obtained by adjusting the 

former for the difference between export unit value indices between the domestic country and 

respective competitor country. 

𝑅𝐸𝐸𝑅_𝐶𝑃𝐼 =  ∏ [(𝑒 𝑒𝑖⁄ ) (𝑝 𝑝𝑖⁄ )]𝑤𝑖𝑛
𝑖=1               (4.16) 

𝑅𝐸𝐸𝑅_𝐸𝑈𝑉 =  ∏ [(𝑒 𝑒𝑖⁄ ) (𝐸𝑈𝑉 𝐸𝑈𝑉𝑖⁄ )]𝑤𝑖𝑛
𝑖=1              (4.17) 

Where, 𝑝: Consumer Price Index (CPI) of the domestic economy and  𝑝𝑖 is the CPI of country 

‘i’. 𝐸𝑈𝑉 is the export unit value (EUV) index (2000=100) of the domestic economy, and 𝐸𝑈𝑉𝑖 

is the EUV index of country ‘i’. The REER indices are then used as indicators of the country’s 

level of external competitiveness. REER_CPI is used as the main indicator of exchange rate 

throughout the paper. Even though CPI has been criticized as a price measure in deflating 

NEER due to inclusion of prices of non-traded services in CPI (Pitchford, 1986), it has been 

shown to be the best deflator in measuring external competitiveness (Hargreaves et al., 1991). 

The alternative exchange rate indices are used for robustness throughout this paper, where 

applicable, to validate my results. Weights calculation mechanism and index compilation 

methodology are described in detail in Appendix 4.A. with calculated indices for each country. 

 

4.5 Empirical Results 

4.5.1 Gross Domestic Production Regression-Key Drivers of Output 

In line with the growth literature, the key drivers of real GDP per capita in these Asian 

economies over the years are found to be gross capital formation, human capital, and 

innovation, while output per capita is dragged by growth in population. As shown in Column 

1 of Table 4.2, all of the coefficients of output determinants are highly statistically significant 

with the correct signs, except for human capital19. Then, I add REER20 into the model to 

estimate the direct impact of REER on per capita output (Column 2 of Table 4.2).   

As previously predicted, physical capital (investment) is found to be the main contributor 

to the increase in output per capita, while growth in population is found to be the main drag for 

the output. One per cent increase in the gross capital formation (investment) increases the 

 
19 This can be due to the selection of human capital measure. 
20 The study uses REER index developed by the author throughout the analysis. This is the competitor-weighted index 

deflated by CPI prices (REER_CPI).  
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output per capita by 0.41 per cent, while a percentage increase in patents registration increases 

output by 0.19 per cent. Although the human capital is found to be insignificant, it holds the 

correct sign, all of the other coefficients hold the expected sign, and are statistically significant. 

The inclusion of REER in the output regression (Column 2) appears to have no material impact 

on the economic significance of investment, patents intensity, and population growth while 

increasing the coefficient strength for human capital. However, the coefficient of REER is 

found to be insignificant, which implies that changes in REER do not have any impact on 

output per capita. This may be because effects of changes in REER go through the other 

variables as discussed above. I attempt to explain this in Section 4.5.3 of the chapter when the 

issue of endogeneity relating to the exchange rate is discussed.   

 

Table 4.2: OLS Estimates— Key Determinants of Long-run Output (Eqs 4.10-4.11) 
 (1) (2) 

Baseline model 

(3) 

Robustness model 

(4) 

Robustness model 

Dependent Variable GDP per 

capita 

ln(𝑌/𝐿) 

GDP per capita 

ln(𝑌/𝐿) 

Exchange rate 

variable 

=REER_CPI 

GDP per capita 

ln(𝑌/𝐿) 

Exchange rate 

variable 

=REER_EUV 

GDP per capita 

ln(𝑌/𝐿) 

Exchange rate 

variable  

=REER_ IMF 

REER, logs  0.088 -0.010 -0.019 

  (0.120) (0.035) (0.011) 

Patents intensity, logs: (pat) 0.185*** 0.175*** 0.189*** 0.182*** 

 (0.038) (0.025) (0.032) (0.035) 

Investment as a % of GDP, logs:  (invest) 0.412** 0.418** 0.413* 0.410** 

 (0.178) (0.181) (0.182) (0.177) 

Human capital, logs : (hc) 0.122 0.272 0.075 0.181 

 (0.647) (0.783) (0.606) (0.671) 

Population growth %, log : (popg) -0.185* -0.181* -0.188* -0.179* 

 (0.098) (0.095) (0.095) (0.096) 

Observations 420 420 420 420 

R-squared 0.958 0.959 0.958 0.959 

Mean of DV 8.86 8.86 8.86 8.86 

Country/year FES Yes Yes Yes Yes 

Numbers in parentheses are country level clustered standard errors. *, ** and *** denote 10%, 5% and 1% significance 

levels, respectively. 

 

There can be potential concerns with relying on the real effective exchange rate index 

compiled in this study as a measure of the real exchange rate. One issue is the composition of 

currencies in the REER basket vis-à-vis the selection criteria of competitor countries and price 

indices used for deflation. This calls for checking the validity of findings using alternative 

exchange rate measures. Hence, two alternative real exchange rate measures are used: (1) the 

competitor weighted Real Effective Exchange Rate, which is deflated by export unit value 

index compiled by this study (REER-EUV), and (2) the trade-weighted Real Effective 

Exchange Rate Index published by the IMF (REER_IMF). Columns 3 and 4 of Table 4.2 report 

results under these two alternative exchange rate measures, and find consistent results to the 
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baseline (Column 2). In the upcoming estimations, I use REER_IMF to show the robustness of 

the results to alternative measures, where relevant.  

4.5.2 Supplementary Regressions — Effect of REER on Key Drivers of Output Per Capita  

The exchange rate could have an impact on innovation intensity, investment, and 

education/human capital which are the key drivers of output in the long-run. Depreciation is 

expected to bring positive effects on innovation via increasing marginal returns to innovation. 

Alfaro et al. (2020) find that export-oriented firms in emerging Asia have a higher probability 

to engage in R&D and faster firm-level productivity measures in response to real depreciations. 

Even though the cost of imported inputs increases consequent to depreciation, the positive 

effects from increased exports do possibly outweigh the negative effects. This will promote the 

probability to increase exports and engage in more R&D, thereby relaxing financing constraints 

and enabling firms to overcome fixed-cost hurdles for financing R&D expenditures. The 

existing literature on the relationship between exchange rate and investment on physical capital 

focuses mainly on the argument that depreciation promotes investment through profit channels. 

Atella et al. (2003) find that firms which are more export-oriented with a higher profit margin 

do benefit more from such devaluations, and additionally, the impact is dependent on the firm’s 

external exposure via imported inputs, exports and market power. On the other hand, for 

developing economies, depreciation will demote investment, because the key channel of capital 

accumulation in developing economies is through imports. Depreciation will result in higher 

import prices for capital, and thus a lower level of capital accumulation for a given level of 

savings. Depreciation of the exchange rate is expected to have positive effects on school 

enrolment. This is because depreciation-induced savings will increase the facilities provided in 

schools by the government, and also increase household savings, which will in turn encourage 

parents to enroll their young kids at schools. Also, from the demand perspective, depreciation-

led export promotion will demand more human capital, thus promoting school enrolments. I 

estimate the regressions specified in equations (4.12-4.14) to understand the impact of REER 

on these growth determinants based on the above discussion. Results are shown in Table 4.3, 

Columns 1-4.  

As Column 1, Table 4.3 depicts, human capital (hc) is the main driver of innovation 

intensity of the economy, which is proxied by the patent registrations by residents (𝑃𝑎𝑡/𝐿). 

This clearly indicates that a highly educated workforce is a key driver of innovation and 

rigorous growth. Secondly, financial development (𝐹𝑖𝑛𝑑𝑒𝑣), as proxied by credit availability 
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to the private sector, is a significant determinant of patents registrations. Even though the 

quality of institutions (𝐼𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑠), which is essential for safeguarding patents rights, is 

assumed to be a significant determinant of innovation, it turned out to be insignificant. The 

signs of the coefficients are in agreement with my expectations, except for the coefficient in 

REER – although it is insignificant. A positive coefficient implies that an appreciation in REER 

increases patents registrations. If the appreciation of REER was caused by foreign capital 

flows, then patents registration can be encouraged, as there can be new foreign business 

opportunities in the economy. Since a reverse causality is observed, however, I leave further 

explanations regarding the endogeneity of exchange rate to the discussion in Section 4.5.3.   

Table 4.3: OLS Estimates of Supplementary Regressions — Effect of REER on Key Drivers of 

Output Per Capita (Eqs 4.12-4.14) 

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

Dependent Variable Patent 

intensity 

ln(𝑃𝐴𝑇/𝐿) 

Investment 

ln(Inv/Y) 

 

Education 

ln(GER) 

 

Human 

Capital 

ln(hc) 

REER, logs 0.714 -0.016 -0.040 -0.060*** 

 (0.397) (0.155) (0.038) (0.012) 

Financial Development, logs : (Findev) 0.823** 0.355*** 0.070** 0.065** 

 (0.280) (0.044) (0.025) (0.025) 

Institutional quality: (exe_cons)
21

 0.208  0.066 0.059 

 (1.267)  (0.059) (0.040) 

Human capital, logs : (hc) 7.072***    

 (1.012)    

Life expectancy at birth, logs: (lifeexp)   0.133** 0.032 

   (0.047) (0.027) 

Real interest rate %: (reali)   0.001 -0.000 

   (0.001) (0.001) 

Age dependency %, logs: (agedep)  0.027   

  (0.199)   

Real economic growth rate % : (rgrowth)   0.000   

  (0.008)   

Observations 437 488 221 452 

R-squared 0.949 0.879 0.952 0.977 

Mean of DV 2.88 7.46 3.14 -0.48 

Country/year FES Yes Yes Yes Yes 

Numbers in parentheses are country level clustered standard errors. *, ** and *** denote 10%, 5% and 1% significance 

levels, respectively. 

 

The results of the investment (Inv/Y) regression are shown in Column 2 of Table 4.3. As 

expected, financial development  (𝑓𝑖𝑛𝑑𝑒𝑣) is found to be the key driver of investment with a 

positive significant coefficient. Old age dependency  (𝑎𝑔𝑒𝑑𝑒𝑝)  and real economic growth rate 

 
21 The results shown is for ‘executive constraints’, which take the level of constraints on executive decisions as a proxy 

for the institutional quality. However, results are found to be robust with alternative measures for institutional quality such as 

‘political constraints’, which consider the feasibility of political change (feasibility of change in government policy due to 

change in preference of one actor) and the level of democracy from Polity IV database and judicial constraints index of V-

Dem database.  
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(𝑟𝑔𝑟𝑜𝑤𝑡ℎ) are found to be insignificant. As explained in Section 4.3, financial development 

increases savings and investment through financial intermediation, financial innovation and 

credit creation. The coefficient of REER is found to be insignificant for investment; however, 

I leave further explanations to Section 4.5.3.    

Column 3 of Table 4.3 presents the results for the gross school enrolment (𝐺𝐸𝑅) 

regression. Life expectancy at birth (𝑙𝑖𝑓𝑒𝑒𝑥𝑝) and financial development (𝑓𝑖𝑛𝑑𝑒𝑣) are found 

to be positive and significant for gross school enrolments. The impact of financial development 

is found to be even higher if school enrolment at the tertiary level is considered as the dependent 

variable instead of weighted gross enrolment at primary, secondary, and tertiary schools. The 

exchange rate and the quality of institutions as proxied by the level of executive constraints, 

are found to be insignificant. Because the data availability for school enrolments is low, as a 

robustness check, I employ the human capital index of PWT and the human development index 

of UNDP in place of gross enrolments and find consistent results (Column 4 reports results for 

human development index as a proxy for human capital).   

 

4.5.3 Addressing the Endogeneity of the Exchange Rate - IV Analysis 

A major concern against the analysis of exchange rate on main macroeconomic variables like 

GDP and growth is whether the exchange rate can be treated as a purely exogenous policy 

variable. Different country-specific shocks, such as positive or negative productivity shocks, 

could have an impact on the real exchange rate causing reverse causality issues (Woodford, 

2008). Broadly, the exchange rate-growth literature suggests three ways to handle the 

endogeneity. One way is to include additional control variables (such as government 

expenditure, inflation, and real interest rate) in the growth equation. The idea behind the 

inclusion of additional control variables is to control for the effect of other policy-driven 

changes on the output. Another popular method is to use dynamic estimators such as GMM for 

the empirical analysis, which take past values of the explanatory variables as internal 

instruments. However, even after adjusting for possible endogeneity, it is difficult to prove that 

the remaining variation in the exchange rate is purely exogenous (Nouira and Sekkat, 2012). 

Hence, the third method is to employ external instruments to address the endogeneity. I follow 

this last method, and propose new external variables to instrument exchange rate to quantify 

the effect of exogenous real exchange rate variation on output. However, other explanatory 

variables of output per capita – such as investment, innovation, human capital and population 

– are not instrumented, due to the weak instrument problem.  
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This study proposes one period lagged Federal funds rate and three periods lagged22 

nominal exchange rate of the main trading partner of a particular country vis-à-vis the US dollar 

as new instrumental variables for REER in time t in the regressions. The study uses growth in 

official reserves that proxy the intervention by the Central Banks as the third instrument; this 

is already being used frequently in the literature. The other common external instrument that 

has already been used in literature is world capital flows interacted with financial openness 

(Habib et al., 2017). However, it is difficult to treat financial openness as purely external, as 

this could have direct and indirect linkages with domestic output and monetary policy. 

The argument behind using lagged Federal funds rate as one of the external instruments is 

that an increase in Federal funds rate is influential on appreciating the US dollar against other 

currencies on the grounds of foreign capital receipts to the USA seeking higher returns. The 

USA is either the main or the second-largest export destination for most of the countries in my 

sample. An appreciation in the US dollar following capital flows increases the import demand 

for all goods in general, by the largest single consumer in the world, the USA. Hence, an 

appreciation in currencies of small open economies can be expected with a lag consequent to 

the increase in export revenues. Accordingly, a positive relationship is expected between the 

Federal funds rate (lagged) and the REER.  

The second external instrument, the lagged nominal exchange rate of the main trading 

partner, is also justified under somewhat similar grounds. The main trading partner in terms of 

both exports and imports was determined for each sample country by analysing bilateral trade 

patterns. This exercise had to be restricted to the period between 1988 and 2017, due to 

limitations in data availability for the period prior to 1988. I observe that the main trade 

partner’s exchange rate behaviour was followed by the sample country’s real exchange rate 

with a lag. For most of the sample countries, the main trade partner is the top export partner. 

Hence, an appreciation in a partner country’s exchange rate promotes more imports to that 

country leading to an appreciation in the exchange rate of the sample country under 

consideration, with a lag. Accordingly, a positive relationship is expected between the partner 

country’s exchange rate (lagged) and REER. The third instrument, which is the growth rate of 

external reserves, is used as a proxy for the interventions by the Central Banks in order to avoid 

sharp appreciations and depreciations in the exchange rate. The relevance of this instrument is 

validated by Blanchard et al. (2015), finding that larger interventions mitigate sharp 

 
22 Three period lag is taken to minimise the feedback effect expected from trading partner’s exchange rate to output of 

the country in concern through exports/imports. The correlation coefficient between REER and the lagged exchange rate of 

main trading partner is 0.3482.  
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appreciations in the exchange rate which otherwise appear after capital flows. Hence a negative 

relationship is expected between reserve growth and the exchange rate, where a higher reserve 

growth indicates a lower appreciation or depreciation.  

It is assumed that the exclusion assumption of external instruments is satisfied, as the 

lagged values of partner exchange rate and fed funds rate are used in the analysis. Still, 

however, there can be a possibility for the violation of exclusion restriction as the variables in 

the model are trended, so that the changes in the Federal funds rate and exchange rate of the 

main trading partner could feed into the output per capita through trade, even with a lag. To 

address this issue, trade openness is included as an additional control variable in the income 

regression. As a robustness test, the newly introduced instruments in this study – namely lagged 

exchange rate of the trading partner and lagged Federal funds rate – are replaced with financial 

development23 (proxied by the private sector credit), which is a commonly used instrument in 

exchange rate literature along with the growth in official reserves. The coefficient of the REER 

and other peripheral coefficients in this robustness analysis are found to be closer to the 

baseline scenario, thus indicating that the selected external instruments in the baseline satisfy 

the exclusion restriction up to a greater extent when it is additionally controlled for the total 

trade openness. Still, however, there can exist potential for the violation of exclusion 

restriction.  

4.5.3.1 Real GDP Per Capita Function  

Table 4.4 depicts the 2SLS results of the Real GDP_pc function (equation 4.11). Panel A, Panel 

B, and Panel C represent second stage results, first stage results, and diagnostic statistics, 

respectively.  

As Panel B represents, first stage results show that all three instruments are strong 

external instruments for the REER in the restricted model (Column 1) and in the baseline model 

(Column 2). The robustness models, as shown in Column 3 and 4, highlight that the selected 

instruments are significant, accordingly. As shown in Panel C of the table, the instrumental 

validity test – namely, the F-test statistic – confirms the strength of the instruments in the 

baseline (in Columns 1 and 2), though it is lower than the threshold level in the robustness 

check. The Wu-Hausman F-Stat value suggests that REER is an endogenous variable in all 

cases.  

 
23 Highly cited Habib et al., (2017) proposes the financial opennesses to be inercated with global financial flows to 

consider as an external instrument for exchange rate.  However, both financial openneess and capital flows are considered to 

be endogeneous. The inclusion of capital flows is more problematic as it is highly endogenous. Hence, I use individual 

country’s financial openness in the robustness test.  
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As shown in Column 1 of Panel A of the Table, in the restricted model, the coefficient 

of REER is highly significant and holds the expected sign, which is consistent with my 

hypothesis, thus implying that a real depreciation in the exchange rate promotes an increase in 

real GDP per capita though the specified growth channels. The coefficient of REER remains 

significant and negative when the additional control variables are added (Column 2). The 

coefficient of REER in GDP per capita equation changed from an insignificant positive value 

of 0.088 (Fixed effects in Table 4.2, Column 2) to -0.525*** (IV method in Table 4.4, Column 

2), indicating that the previous results, as given by the fixed effect (FE) model are biased 

because of the endogeneity of REER. Exchange rates are considered as highly endogenous, 

which institutes a greater challenge for empirical analysis, as the OLS estimates would generate 

inconsistent estimates (Lane and Stracca, 2018). The positive sign estimated in the panel fixed 

effect model can be interpreted in the context of a small open economy facing an exogenous 

improvement in terms of trade (TOT) due to a global shock for goods. The impact of the 

improvement in TOT will be positive on the GDP due to increased demand, if the shock is 

considered persistent. However, after addressing the endogeneity issue using instrumental 

variables, the sign of the REER becomes significantly negative, implying that exogenous 

depreciation in the real exchange rate is expansionary.  

Investment on physical capital and innovation (patent registrations) are found to be 

significantly positive; as expected, population growth is significantly negative while human 

capital is not significant in the baseline model, though it holds the correct sign. Trade openness 

is positive and weakly significant on output. Columns 3 and 4 show results for robustness tests. 

The REER_IMF is used as the exchange rate variable in the robustness model I (Column 3), 

while keeping all other baseline controls the same. REER, the coefficient of interest, shows a 

negative significant value, which is around half of the baseline, implying that the depreciation 

against competitors affects output rather than depreciating against trade partners. The 

robustness model II employs growth in official reserves and financial development as 

instruments – which are commonly used in the previous studies – for REER_CPI, and do not 

control for trade openness. The results are almost similar to the baseline scenario, validating 

the robustness of the baseline model.  
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Table 4.4: Exchange Rate (REER) and Real Output Per Capita 

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

Dependent Variable=ln(Y/L)  

Restricted 

Model 

  

Baseline  

Model 

Add control 

Variables 

Robustness 

Model I 

 

Same IVs 

Robustness 

Model II 

 

Different IVs 

Exchange rate 

variable=REER

_CPI 

Exchange rate 

variable=REER

_CPI 

Exchange rate 

variable=REER

_IMF 

Exchange rate 

variable=REER

_CPI 

       

 Panel A: Second Stage Regressions  

REER, logs -2.078*** -0.525*** -0.235* -0.420* 
 (0.231) (0.159) (0.123) (0.237) 

Investment as a % of GDP, logs:  (invest)  
0.443*** 0.238** 0.401*** 

  
(0.057) (0.111) (0.056) 

Human capital, logs : (hc)  
0.141 0.491* 0.351 

  
(0.264) (0.255) (0.341) 

Patents registrations, logs: (Pat/L)  
0.221*** 0.223*** 0.202*** 

  
(0.025) (0.030) (0.023) 

Population growth, log : (pop)  
-0.180*** -0.108** -0.180*** 

  
(0.037) (0.054) (0.036) 

Trade openness as a % of GDP, logs(Trade)  0.205* 0.366**  

  (0.120) (0.170)  

     
 Panel B: First Stage Regressions  

ln EIC 0.151*** 0.252*** 0.099  

 
(0.028) (0.031) (0.118)  

ln Fedrate 0.068*** 0.047*** 0.127**  
 

(0.009) (0.012) (0.067)  

Reserve growth  -0.001** -0.001** -0.005* -0.003*** 

 (0.001) (0.001) (0.003) (0.001) 

Ln Fin. Dev     -0.123** 

    (0.058) 
 Panel C: Diagnostic Statistics  

First stage F-test for excluded IVs (SW) 44.56 28.93 2.94 8.86 

Endogeneity test F-test 115.570 64.899 9.160 8.739 

(P-value) (0.000) (0.000) (0.003) (0.003) 

Number of Observations 435 361 361 383 

Notes: The dependent variable is the output side real GDP at chained PPPs per capita divided by population. When the GDP 

per capita at constant 2015 prices from world bank is used instead of GDP per capita from PWT, the value of coefficient of 

interest in column 1changes to -2.410***. All regressions are additionally controlled for country fixed effects. Numbers in 

parentheses are country level clustered standard errors. *, ** and *** denote 10%, 5% and 1% significance levels, respectively.  

Sanderson-Windmeijer (SW) first-stage F-statistic is recorded.  

4.5.3.2 Innovation Intensity and Technical Know-how Function 

The results of the estimation of the innovation function (equation 4.12) with instrumental 

variables are given in Table 4.5. The first stage results find (not reported for brevity) that lagged 

exchange rate of main trading partner (ln EIC), lagged Federal funds rate (ln fedrate), and the 

growth rate in official reserves all act as strong external instruments for the REER. As shown 

in Panel B of the Table, the instrumental validity test – namely; the F-test statistic – provides 
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no evidence against the instruments. The Wu-Hausman F-Stat value suggests that REER is an 

endogenous variable in all cases.  

 

Table 4.5: Exchange Rate (REER) and Innovation — Patents Intensity 
  (1) (2) (3) 

Dependent Variable=ln(Pat/L) 

Restricted Model  

Add control Variables 

(Baseline) 

Robustness 

Model 

Exchange rate 

variable=REER_CPI 

Exchange rate 

variable=REER_CPI 

Exchange rate 

variable=REER

_IMF 

      
 Panel A: Second Stage Regressions 

REER, logs -3.002*** -1.005*** -0.399** 
 (0.302) (0.334) (0.165) 

Financial Development, logs:  (Findev)  0.132* -0.051 
  (0.070) (0.198) 

Human capital, logs : (hc)  3.057*** 4.538*** 
  (0.610) (0.472) 

Institutional Quality, logs: (exe_con)  1.301*** 0.895** 
  (0.347) (0.349) 

  
 Panel B: Diagnostic Statistics 

First stage SW F-test for excluded IVs 63.38 27.98 8.09 

Endogeneity test 79.096 23.099 8.630 

(P-value) (0.000) (0.000) (0.003) 

Number of Observations 396 396 336 

Notes: The dependent variable is the patents applications per resident (patent intensity). All regressions are additionally 

controlled for country and year fixed effects.  Sanderson-Windmeijer (SW) first-stage F statistic is recorded. As a robustness 

check, when the patents intensity is replaced by real TFP at constant national prices (2017=1) of PWT, the value of coefficient 

of interest (REER) in column 2 changes to -1.039***.  

The coefficient for REER in the innovations model [ln(
𝑃𝐴𝑇

𝐿
)] has changed from an 

insignificant coefficient of 0.714 in the FE model to -1.005*** in the IV model. An insignificant 

yet positive coefficient observed in the FE model could be due to the increase in world prices 

of main export commodities, innovations, and patents registrations may be promoted. 

However, this effect appears to be corrected in the IV estimation. As hypothesised, real 

depreciation promotes innovation through the increase in patents applications. Let us take a 

firm with international exposure to analyse the channel. In case of a currency depreciation, an 

export firm’s profits in domestic currency unit will increase due to two reasons; (1) increase in 

the volume of sales in foreign markets resulting from the currency depreciation leading to 

higher competitiveness, and (2) increase in sales revenue in terms of domestic currency, then 

higher profits due to depreciation. Hence, a firm’s capacity to spend on R&D will increase, and 

the marginal return to R&D spending is also expected to increase due to higher production. 

This will encourage firms to spend more on innovation activities. Consistent with the existing 

literature, human capital and institutional quality, however, remain the key drivers of 
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innovation (Dakhli and De Clercq, 2004; Madsen, 2014; Protogerou et al., 2017; Subramaniam 

and Youndt, 2005; Teixeira and Tavares-Lehmann, 2014). Financial development is also found 

to be a positive determinant of patent intensity, because as with the development of financial 

sector, more funds are available at a lower cost for research and development. The robustness 

of the results are validated by the results shown in column 3, though the coefficient of REER 

is low as the robustness model considers REER_IMF as the exchange rate measure. 

 

4.5.3.3 Investment Function   

The results of the investment function are presented in Table 4.6. The first stage results 

find (not reported for brevity) that lagged exchange rate of the main trading partner (ln EIC), 

lagged Federal funds rate (ln fedrate) and the growth rate of official reserves are strong external 

instruments for the REER. As shown in Panel B of the Table, the instrumental validity test – 

namely; the F-test statistic – provides no evidence against the instruments. The Wu-Hausman 

F-Stat value suggests that REER is an endogenous variable in all cases.  

The coefficient of REER is significantly negative, which implies that real depreciation 

increases real investment in physical capital. I can argue that the improvement in the current 

account subsequent to a currency devaluation will result in an increase in domestic savings 

because of the expenditure switching towards domestic production that improves the current 

account (CA); thus, savings and investment. The depreciation of the exchange rate could 

increase the prices of imported capital goods posing unfavourable effects; however, the 

improvement in current account through exports may surpass the increase in the expenditure 

on capital goods, thus resulting in an overall improvement in investment spending, in real 

terms.  

Financial development (𝑓𝑖𝑛𝑑𝑒𝑣) acts as the second key determinant of investment due 

to the availability of credit at a lower cost for investments. This is in line with the findings of 

Madsen and Carrington (2012) and Madsen and Ang (2016), which reinstate the significant 

importance of bank lending for promoting investment. The study considers the old age 

dependency ratio as age dependency 𝐴𝑔𝑒𝑑𝑒𝑝. According to the life-cycle theory, individuals 

would smoothen their consumption throughout their lifetime by borrowing when their income 

is low and saving more when their income is high. I expected the savings to be a positive 

function of investment. Hence, as hypothesised, age dependency is found to be significantly 

negative for investments. As expected, 𝑅𝑒𝑎𝑙𝑔𝑟𝑜𝑤𝑡ℎ found to be positive and significant as a 
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higher income increases the ability to save and invest more, following Chirinko (1993). The 

results are robust for the use of alternative REER index (Column s of Table 4.6).  

Table 4.6: Exchange Rate (REER) and Investment in Physical Capital 
  (1) (2) (3) 

Dependent Variable=ln(invest) 

Restricted Model  

Add control Variables 

(Baseline) Robustness Model   

Exchange rate 

variable=REER_CPI 

Exchange rate 

variable=REER_CPI 

Exchange rate 

variable=REER_IMF 
  

 

 Panel A: Second Stage Regressions 

REER, logs -2.033*** -1.508*** -0.452** 
 (0.160) (0.205) (0.215) 

Financial Development, logs : (Findev)  0.735*** 1.110*** 
  (0.097) (0.104) 

Age dependency %, logs: (agedep)  -0.304*** -0.016 
  (0.108) (0.168) 

Real economic growth rate % : (rgrowth)   0.011* 0.031*** 
  (0.006) (0.010) 

   
 Panel B: Diagnostic Statistics 

First stage F-test for excluded IVs 62.46 19.75 8.10 

Endogeneity test 19.146 8.043 7.199 

(P-value) (0.000) (0.004) (0.007) 

Number of Observations 456 443 443 

Notes: The dependent variable is the real investment in machinery, equipment and non-residential structures as a % of real 

GDP. All regressions are additionally controlled for country fixed effects.  Sanderson-Windmeijer (SW) first-stage F statistic 

is recorded.  

4.5.3.4 Schooling Function  

Results of the schooling regression are presented in Table 4.7. As shown in Panel B of 

Table 4.7, the instrumental validity test – namely, the F-test statistic – provides no evidence 

against the instruments in most of the cases. The Wu-Hausman F-Stat value suggests that 

REER is an endogenous variable in all cases.  

As hypothesised, real depreciation promotes school enrolments at all levels. This is 

because depreciation-induced savings will increase the facilities provided in schools by the 

government, as well as increased household savings, which will in turn encourage parents to 

enrol their young children at schools. Consistent with the existing literature, the coefficients of 

institutional quality, financial development, and life expectancy at birth all hold correct signs, 

and are significant at one per cent level. Quantitatively, school enrolments are affected by life 

expectancy at birth than any other variable in the baseline model (Column 2). The real interest 

rate – which I expect to have a negative sign – is reported to be insignificant, thus indicating 

that the real interest rate is insignificant for school enrolment decisions; however, I refrain from 
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interpreting that, as the inflationary effects which affect the current gross enrolment ratio are 

not checked.    

Table 4.7: Exchange Rate (REER) and School Enrolment 
  (1) (2) (3) (4) 

 

Restricted Model 

Exchange rate 

variable=REER 

_CPI 

 

 

  

Add control 

Variables 

(Baseline) 

Exchange rate 

variable=REER 

_CPI 

  

Robustness 

Model I 

Exchange rate 

variable=REER

_CPI 

 

  

Robustness 

Model II 

Exchange rate 

variable=REER

_CPI 

 

  
Dependent 

Variable= 

ln(GER) 

Dependent 

Variable= 

ln(GER) 

Dependent 

Variable= 

ln(GER_2) 

Dependent 

Variable= 

ln(HC) 

  
 

  

 Panel A: Second Stage Regressions 

REER, logs -0.436*** -0.114** -0.249* -0.232*** 
 (0.030) (0.047) (0.142) (0.036) 

Institutional quality: (exe_cons)  0.099*** 0.408*** 0.185*** 
 

 (0.030) (0.085) (0.031) 

Financial Development, logs : 

(Findev)  0.096*** 0.224*** 0.178*** 
 

 (0.014) (0.038) (0.016) 

Life expectancy at birth, logs: (lifeexp)  0.134*** 0.261* 0.031 
 

 (0.049) (0.140) (0.031) 

Real interest rates : % (reali)  0.001 0.002 0.003*** 
 

 (0.001) (0.003) (0.001) 

     
 Panel B: Diagnostic Statistics 

First stage F-test for excluded IVs 46.51 6.60 7.07 28.26 

Endogeneity test 36.31 3.52 5.753 25.92 

(P-value) (0.000) (0.061) (0.016) (0.000) 

Number of Observations 220 203 207 411 

Notes: The dependent variable is the gross enrolment ratio.   The gross enrolment ratio is calculated as follows; (Primary 

enrolments*7/17+secondary enrolments*5/17+tertiary enrolments*5/17)/3. All regressions are additionally controlled for 

country fixed effects.  Sanderson-Windmeijer (SW) first-stage F statistic is recorded. Estimates with regard to GER_2, which 

is the weighted gross enrolment only at secondary and tertiary levels, calculated as secondary enrolments*5/10+tertiary 

enrolments*5/10)/2 are reported in Column (4).  

Column (3) reports the results of schooling function with weighted gross enrolment only 

at the secondary and tertiary levels, as opposed to weighted gross enrolment at all levels. 

Primary school enrolments are not considered here, because they are compulsory - and even 

free – for most of the countries in my sample. It is evident from the results, as shown in Column 

(3), that real depreciation’s effect is more than double for secondary and tertiary enrolments. 

As a robustness check, I regress the log of human capital (hc) to examine the effect of REER 

on human capital, and it confirms that the real depreciation enhances human capital (Column 

4).  

Overall, however, this study does not attempt to estimate the price and income elasticities 

of import and export demand functions of the economies in the sample. Nevertheless, I use the 
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price and income elasticity estimates given in existing literature to understand the coefficients 

estimated under the IV analysis. According to the Marshall-Lerner condition, an exchange rate 

devaluation or depreciation will have a positive effect on the current account if the absolute 

sum of price elasticities of demand for import and export exceeds one; in other words, the 

existence of the expenditure-switching effect. Sinha (2001) states that the Marshall-Lerner 

condition is met for India, Japan, and the Philippines, while it is not met for Sri Lanka. 

Bahmani-Oskooee and Kara (2005) further establish the existence of the Marshall-Lerner 

condition for the Philippines, South Korea, and Singapore. Later, Kriseinapillai (2011), 

estimating price elasticities of import and export demand for Sri Lanka, states that Marshall-

Lerner condition holds for Sri Lanka. Yusoff and Febrina (2014) state that a 1.0 per cent 

depreciation in Indonesian Rupiah raises the real GDP by 6.4 per cent. Similarly, Bahmani-

Oskooee and Kandil (2010) find that exchange rate depreciation is expansionary for Iranian 

GDP, as they found evidence of how depreciation induces production toward non-oil exports. 

Hence, I could, in general, state that expansionary effects of depreciation as found in this study, 

are in line with the existing literature that discusses the expenditure-switching effect. 

Additionally, as my measure of REER is based on competitor basket, the effect of REER could 

be even higher, as compared to a trade-partner weighted basket.  

 

4.5.4 Measuring the Indirect Impact of REER on GDP Per Capita – Simulation Using 

Supplementary Equations  

In Section 4.5.3, the direct impact of REER on GDP per capita was measured using the IV 

method. This section now estimates the indirect impact of REER on output through innovation 

intensity; [ln(
𝑃𝐴𝑇

𝐿
)], investment [ln(Inv/Y)] and education [ln(school)]. The link between the 

main drivers of output (innovation, investment, and human capital) and REER is intuitively 

built on the expected increase in savings subsequent to the REER depreciation. Even though 

the population is a key determinant of GDP, it is not included in the calculation of indirect 

impact, as the exchange rate does not deem to have a direct influence on population growth; 

and neither does the current level of human capital. Though human capital is a key determinant 

of output, it is not influenced by current policies – including exchange rate policy – since it is 

the outcome of decisions which have been taken many years back. It is assumed that the impact 

of REER on school enrolment will reflect on human capital; hence, I estimate the REER effects 

of school enrolment instead of estimating on human capital.  

The value of the coefficient 𝜗1 in equation (4.11) provides the direct effect of REER on 
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Y/L, which is equivalent to -0.525, significant at the 1% level. In calculating the indirect effect 

of REER on GDP per capita, a similar method as detailed in the online appendix of Madsen 

and Ang (2016) is followed. Since the aim is to measure the indirect impact of REER on Y/L, I 

first take FE estimates of equation (4.10), as measured and reported in Column 1 of Table 4.2. 

These coefficients indicate the effect of changes in investment, human capital, innovation, and 

population growth on Y/L. Thereafter, the effect of REER (endogeneity treated estimates from 

IV second stage test) on these output determinants, as measured and reported in Tables 4.5 to 

4.7, are considered (equations 4.12 to 4.14). Employing previously mentioned coefficients, the 

indirect impact of REER is measured as follows;  

 

Effect of REER on output through innovation: 

𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑅𝐸𝐸𝑅
|

𝑃𝑎𝑡/𝐿
  = (

𝑑 ln(
𝑌

𝐿
)

𝑑 ln(
𝑃𝐴𝑇

𝐿
)
) ∙ (

𝑑 ln(
𝑃𝐴𝑇

𝐿
)

𝑑 ln 𝑅𝐸𝐸𝑅
)      = (0.185*** ) . ( -1.005***)        = -0.186 

Effect of REER on output through investment: 

𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑅𝐸𝐸𝑅
|

𝐼𝑛𝑣𝑒𝑠𝑡
=

𝑑 ln(𝑌/𝐿)

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡
∙

𝑑 ln 𝐼𝑛𝑣𝑒𝑠𝑡

𝑑 ln 𝑅𝐸𝐸𝑅
       =  (0.412**  ) . (  -1.508***)   = -0.621 

 

Effect of REER on output through schooling/human capital: 

𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑅𝐸𝐸𝑅
|

ℎ𝑐
        =

𝑑 ln(𝑌/𝐿)

𝑑 lnℎ𝑐
∙

𝑑 lnℎ𝑐

𝑑 ln 𝑅𝐸𝐸𝑅
          =  (0.122  ) . ( -0.114** )   = -0.014 

 

 
 

Total indirect effect of REER on 𝑌/𝐿 = 
𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑅𝐸𝐸𝑅
|

𝑃𝑎𝑡/𝐿
+

𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑅𝐸𝐸𝑅
|

𝐼𝑛𝑣𝑒𝑠𝑡
+

𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑅𝐸𝐸𝑅
|

𝑠𝑐ℎ𝑜𝑜𝑙
 

     = (-0.186 ) + (-0.621) +(0) = -0.807 

Note: As 
𝑑 ln(𝑌/𝐿)

𝑑 lnℎ𝑐
 is not statistically significant, the partial impact of REER on Y/L, i.e.  

𝑑 ln(𝑌/𝐿)

𝑑 ln 𝑅𝐸𝐸𝑅
|

𝑠𝑐ℎ𝑜𝑜𝑙
 has not 

been included in the calculation of total indirect impact.      

Accordingly, it is evident that a depreciation in the exchange rate against the competitors will 

have positive direct effects and indirect effects via factors of production on 𝑌/𝐿. The 

estimations of the direct impact confirm that a 10% depreciation in the REER (competitor 

weighted real exchange rate) leads to an 5.25% increase in GDP per capita. As per the 

estimation of the indirect impact of REER through the key determinants of GDP per capita, I 

find that a 10% depreciation in REER will result in an increase of 8.07% in GDP per capita 

level. The above calculation relies on the OLS estimates of this study on the contribution of 



     

OUTPUT EFFECTS OF CURRENCY DEPRECIATION                                   Chapter 4                                            

                            

133 

 

innovation, physical capital, and human capital on output per capita. However, the already 

established coefficients from the existing empirical findings can be used to confirm that my 

findings do not deviate greatly from those of the current literature.   

The estimates for patents intensity’s effect on output, which is 0.185, are somewhat closer 

to the findings of 0.10 by Ulku (2004) for a sample of OECD and non-OECD countries and the 

findings of 0.098 by Nonneman and Vanhoudt (1996). The Solow model of Nonneman and 

Vanhoudt (1996) for the baseline analysis, relaxing the assumption that the per capita income 

level is correspondent to the steady-state level and restricting the model for growth in 

population, depreciation and labor productivity growth, find the effect of physical capital on 

output to be around 0.4, which is very close to my findings of 0.412***. Similarly, Nonneman 

and Vanhoudt (1996)’s estimation for human capital’s effect on output is 0.175*** which is 

closer to my finding of 0.122, although it is insignificant.  

With regard to depreciation effect on GDP, a similar study was not found in the literature 

to compare with my results, as this study focuses on the effects of devaluations on the level of 

GDP, while most of the studies in the literature were concerned with the growth effects of 

devaluation. Habib et al. (2017), which employs external instruments to investigate the impact 

of exchange rate movements on economic growth, is perhaps the closest to my study. Habib et 

al. (2017), using a panel of over 150 countries in post-Bretton Woods period, find that a 10% 

real depreciation leads to a 1% increase in real GDP growth per year. 

4.6 Conclusion  

In this paper, the effect of real exchange rate on output per capita has been analysed by 

employing annual data for a group of small-open economies in Asia for the period of 1960-

2017. After a scrutiny of the export structure and direction of trade of the sample economies, 

key competitors are identified for the construction of competitor weighted REER. Hence, it is 

clear that such identified competitors produce close substitutes, implying a higher price 

elasticity for export demand. Therefore, the findings of the study suggest that a real 

depreciation of the exchange rate against main competitors is an advantage to the domestic 

economy by way of increased exports. The new external instruments – namely, lagged 

exchange rate of the main trading partner and the lagged Federal funds rate along with growth 

rate of official foreign reserves – appear to be strong instruments, as the instrumental validity 

test, – namely, the F-test statistic – provides no evidence against the instruments. 

Overall, the results confirm the expansionary effect of the depreciation of the exchange 

rate. Furthermore, it is evident that the gain from depreciation is higher when it is against 
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competitors, rather than trading partners (coefficient of REER_CPI is 0.525*** compared to 

0.235*** of REER_IMF in the IV model, Table 4.4),thus suggesting that depreciation against 

competitor countries produce two-fold positive effects than depreciating against the trading 

partners.  Additionally, I find that generated coefficient for REER_EUV24 of 0.210*** is below 

that of REER_CPI of 0.525**. By relying on the conclusion made by Hargreaves et al. (1991) 

in evaluating the competitiveness indices that the consumer price index is found to be the best 

price index to use, I use REER_CPI in the baseline analysis. Furthermore, CPI is a widely 

available measure, enabling comparisons between countries and different sources such as the 

IMF and World Bank. 

To the best of my knowledge, this is the first paper which attempts to estimate the indirect 

effect of REER on output through the transmission channels. The key output determinants such 

as patents intensity, investment, and education, are analysed to understand the main drivers of 

these key determinants. The indirect effect of REER also confirms that depreciation is 

expansionary for small open economies. Hence, this study sheds light in favour of allowing the 

exchange rate to depreciate when it is warranted, by allowing more flexibility in the exchange 

rate policy. The study of the transmission channels of REER effects on output provides us with 

valuable policy insights. It aids in identifying the key output determinant, which is highly 

sensitive for real depreciation – in this case, the investment and patents intensity. This implies 

that depreciation of the exchange rate induces more investments and encourages innovators to 

apply for new patents registrations, as well as invest in R&D, due to the upsurge in export 

potentials subsequent to currency depreciation. 

As discussed, depreciation can have multiple effects on the overall economy. On one 

hand, it promotes exports, inducing growth and output – particularly in the manufacturing 

sector – while on the other hand, it increases the import prices, lowering the purchasing power 

of domestic residents. This question from the welfare standpoint has not been addressed in the 

current paper; hence, this study can be further extended in future research to examine the 

welfare effects of depreciation.  

  

 
24 The 2SLS estimates using REER_EUV index as the exchange rate measure is produced in Appendix Table 4.A.12.  
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Appendices  

4.A.1 Compilation Methodology of REER Indices   

Introduction 

Contributing to the existing pool of data, two series of Real Effective Exchange Rate (REER) 

indices, weighted by competitor share, were compiled for each country in the sample for the 

period 1960-2017. The main purpose of this effort is to construct an index in order to assess 

the value of domestic currency against the group of main competitors of an economy in the 

international market. When it comes to the discussion of competitiveness, it is more logical if 

the real effective exchange rate is constructed based on competitors rather than trading partners. 

First I constructed a Nominal Effective Exchange Rate (NEER) index using the weights 

calculated for main competitors (weights calculation mechanism is described below). The 

NEER index is the weighted geometric average of bilateral exchange rates of major 

competitors. The weights are calculated based on the proportion of their presence in the 

international market for the top export products of the country in concern. The REER_CPI is 

obtained by adjusting NEER for inflation differential between the domestic country and 

respective competitor country, while REER_EUV is obtained by adjusting the former for the 

difference between export unit value indices between the domestic country and respective 

competitor country.  The REER indices are then used as an indicator of the country’s level of 

external competitiveness.  

Compilation of the NEER and REER indices 

𝑁𝐸𝐸𝑅 =  ∏(𝑒 𝑒𝑖⁄ )𝑤𝑖

𝑛

𝑖=1

 

where, e: Exchange rate of domestic currency against the US dollar (eg: US dollars per Sri 

Lankan rupee), 𝑒𝑖 is the exchange rate of currency of country ‘i’ against US dollar (eg: US 

dollars per Japanese yen) and 𝑤𝑖 are the weights attached to competitor ‘i’ in the index.  

REER_CPI and REER-EUV are NEER indices respectively deflated by Consumer Price Index 

(CPI) and export unit value index (EUV).  

𝑅𝐸𝐸𝑅_𝐶𝑃𝐼 =  ∏[(𝑒 𝑒𝑖⁄ ) (𝑝 𝑝𝑖⁄ )]𝑤𝑖

𝑛

𝑖=1
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𝑅𝐸𝐸𝑅_𝐸𝑈𝑉 =  ∏[(𝑒 𝑒𝑖⁄ ) (𝐸𝑈𝑉 𝐸𝑈𝑉𝑖⁄ )]𝑤𝑖

𝑛

𝑖=1

 

where, 𝑝: Consumer Price Index (CPI) of the domestic economy and  𝑝𝑖 is the CPI of country 

‘i’. 𝐸𝑈𝑉 is the export unit value (EUV) index (2000=100) of the domestic economy and 𝐸𝑈𝑉𝑖 

is the EUV index of country ‘i’.  

An increase in NEER implies an appreciation of the value of local currency against the 

competitor currencies.  However, an increase in REER implies an appreciation of the local 

currency value or an increase in domestic price levels compared to competitor economies. A 

nominal appreciation as also an increase in price level could both happen simultaneously. 

Nominal exchange rate and the price levels can move into different directions; for example, an 

appreciation in nominal exchange rate and a decrease in CPI.  Therefore, the overall increase 

or decrease in REER index will depend on the significance of the moves. The REER indices 

are used as an indicator to measure external competitiveness of an economy.  

I used the following methodology in identifying main competitors of each economy in the 

sample and to construct a country level REER index.  Data are obtained from World Integrated 

Trade Solution (WITS), UN Comtrade Database, IMF International Financial Statistics and 

World Bank.  

1. Identify the main five export products at six digit HS code level starting from 1990 

with a gap of 10 years until 201725. Export value of each good as a percentage of total 

exports is taken as the initial weight for that good and then the weights have been 

normalised to 100. 

Note: Value of top five exports as a percentage of total exports ranged from 20-90 per 

cent and the mean value was around 33 per cent of total exports.  

2. Identify the top 10 exporter countries in the international market, for each product as 

recognized above26. Exclude the country in concern ‘if listed under top 10’ and 

calculate adjusted weights for the remaining countries and normalise to 100. This will 

enable us to understand the main competitors of the economy of my interest. 

 
25 Due to non-availability of data from 1960-1989, I had to limit this exercise from 1990. Weights calculated for 1990 

were kept fixed for the period 1960-1990. Hence, the deviations in REER index during 1960-1990 reflect exchange rate 

movements and CPI/EUV index movements against the group of competitor countries.  
26 Identified the main exporter countries for the good at 6 digit HS code level. Where the trade statistics are not available 

at 6 digit HS code level, I considered the products at 4 digit level.   
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Note: Top 10 exporters dominate a major share in the international market for a 

particular good and, in general, they represent around 80 per cent in the international 

market for that product. 

3. Use the adjusted weight for the product and multiply with the adjusted weight for the 

competitor country to calculate a compounded weight for the competitor ‘i’ producing 

good ‘j’.  

Weight for the good ‘𝑗’ 𝑥 weight for competitor country ‘𝑖’  

4. Calculate competitor weights by summing country totals. This will eliminate 

repetitions and shows the overall weights of competitors based on their presence at 

the international market for the identified products.  

5. Employ the calculated weights to generate the REER index. The bilateral exchange 

rate between competitor country and domestic country is weighted with the calculated 

weights and deflated by CPI and Export Unit Value (EUV) index, respectively, to 

generate REER_CPI and REER_EUV indices.  Weights were kept constant between 

the period 1960-1990 (1990’s weights were used), 1991-2000 (2000’s weights were 

used), 2001-2010 (2010’s weights were used), and 2011-2017 (2017’s weights were 

used). Annual average exchange rate and annual CPI/EUV numbers were used for the 

compilation.  

6. In order to smooth out the major ups and downs due to the change in export structure 

and the resulting change in competitor base, 2017 is considered as the base year.  
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Table 4.A.1 to 4.A.9 show weights and competitor baskets for each country in a calculation 

year.  Table 4.A.10 shows REER indices calculated for each country from 1960-2017. 

Table 4.A.1 Competitor weights for India 

  Share   Share    Share   Share 

Competitor 

 
2017 Competitor 

 

2010  Competitor 

 

2000 Competitor 

 

1990 

United States 

 

21.74 

 

United States 17.20  Israel 23.48 Switzerland 29.29 

Hong Kong 

  
7.53 Russian 

 

10.43  Belgium 19.28 Thailand 11.14 

Russian 

 
7.09 Singapore 8.62  United States 13.59 Australia 10.82 

United Arab 

 
6.81 Israel 7.46  Hong Kong 

  

6.87 Germany 8.17 

Belgium 6.68 Belgium 7.07  China 4.57 Sri Lanka 6.91 

Netherlands 6.35 Hong Kong 

  

6.82  Thailand 3.79 Brazil 6.32 

Israel 5.91 Netherlands 6.42  Italy 3.52 Spain 4.00 

China 5.73 Australia 5.32  United Kingdom 3.07 Portugal 3.81 

Singapore 5.57 United 

 

4.73  Venezuela, RB 2.43 Malaysia 3.34 

Switzerland 4.72 Korea, Rep. 4.31  Switzerland 2.25 Canada 2.64 

Korea, Rep. 4.08 Italy 3.96  Indonesia 2.21 Indonesia 2.54 

Vietnam 2.82 Chile 3.25  Netherlands 1.99 Singapore 2.28 

Germany 2.63 Kuwait 2.67  Russian 

 

1.74 Paraguay 2.26 

Iran 2.44 Brazil 2.36  Singapore 1.56 Romania 1.63 

Italy 2.23 China 2.35  Korea, Rep. 1.46 Turkey 1.16 

United 

 
1.99 Switzerland 2.21  Bangladesh 1.46 Denmark 0.81 

Pakistan 1.75 Vietnam 0.79  South Africa 1.16 Greece 0.80 

France 1.72 France 0.55  Kuwait 0.98 Malawi 0.70 

Ireland 0.95 Thailand 0.52  Saudi Arabia 0.82 Mexico 0.63 

Turkey 0.58 Japan 0.49  Mexico 0.79 Bangladesh 0.25 

Uruguay 0.41 Zambia 0.48  Ecuador 0.47 Oman 0.24 

Botswana 0.26 South Africa 0.37  Argentina 0.43 Chile 0.14 

Total  100.00 Peru 0.35  Germany 0.37 Cyprus 0.10 

  Poland 0.32  Denmark 0.36 New Zealand 0.03 

  Kazakhstan 0.25  France 0.35 Total 100.00 

  Bulgaria 0.19  Mauritius 0.34 

  Ukraine 0.17  Philippines 0.33 

  Iran 0.11  Malaysia 0.31 

  Canada 0.10  Total 100.00 

  Venezuela, RB 0.06  

  Sweden 0.06  

  Total 100.00  
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Table 4.A.2 Competitor weights for Indonesia 

  Share   Share    Share   Share 

Competitor 

 
2017 Competitor 

 

2010  Competitor 

 

2000 Competitor 

 

1990 

Malaysia 27.88 Malaysia 20.66  Malaysia 11.41 Malaysia 29.94 

Australia 13.89 Australia 15.23  Saudi Arabia 10.34 Mexico 17.52 

United States 7.39 Qatar 11.11  Qatar 10.03 Singapore 13.70 

Russian 

 

5.99 Russian 

 

7.44  Algeria 9.85 Australia 9.55 

Netherlands 5.19 Saudi Arabia 5.84  Russian 

 

5.38 Oman 9.38 

Kazakhstan 4.93 Thailand 5.84  Chile 5.26 Canada 9.35 

Poland 4.78 Nigeria 3.62  Australia 5.19 Thailand 3.56 

Philippines 4.57 Canada 3.46  Norway 4.36 Denmark 1.75 

Canada 2.64 United States 3.07  Nigeria 4.00 Greece 1.30 

Mozambique 2.50 Colombia 2.06  Iran 3.69 Spain 1.14 

Nigeria 2.46 Algeria 1.81  Venezuela, RB 3.68 India 0.88 

United Arab 

 

2.18 South Africa 1.74  Canada 3.58 Brazil 0.37 

South Africa 1.90 Iraq 1.61  United Kingdom 3.46 Germany 0.37 

Iran 1.43 Angola 1.57  United States 2.55 Japan 0.36 

Colombia 1.36 Norway 1.47  Mexico 2.47 Bangladesh 0.35 

Czechia 1.29 Iran 1.44  Kuwait 2.38 New Zealand 0.27 

India 1.16 Venezuela, RB 1.36  Netherlands 1.45 Iceland 0.18 

Kuwait 1.13 Vietnam 1.17  Finland 1.36 Turkey 0.01 

Germany 1.11 Kazakhstan 1.14  Oman 1.33 Sri Lanka 0.01 

Algeria 0.98 CÃ´te d'Ivoire 1.14  Belgium 1.25 Switzerland 0.00 

Oman 0.81 Brunei 

 

1.06  Singapore 1.14 Korea, Rep. 0.00 

Myanmar 0.80 Guatemala 0.79  Korea, Rep. 1.06 Total 100.00 

Italy 0.42 Egypt 0.52  China 0.51 

CÃ´te d'Ivoire 0.37 China 0.51  Papua New 

 

0.47 

Denmark 0.37 Ecuador 0.50  France 0.43 

Ghana 0.33 Singapore 0.50  Mongolia 0.35 

Honduras 0.20 Luxembourg 0.48  Peru 0.31 

China 0.15 Costa Rica 0.45  Total  100.00 

Total 100.00 Germany 0.29    

  Czechia 0.22  

  Total 100.00  

 

Table 4.A.3 Competitor weights for Iran 
  Share    Share 

Competitor Country 2010  Competitor Country 2000 

Saudi Arabia 23.52  Saudi Arabia 27.55 

Russian Federation 18.07  Norway 13.04 

Nigeria 7.26  Nigeria 11.96 

Canada 6.28  Russian Federation 10.58 

Iraq 6.23  Venezuela, RB 8.14 

Angola 6.06  United Kingdom 7.25 

Norway 5.95  Mexico 6.62 

Venezuela, RB 5.27  Canada 5.87 

Kazakhstan 4.41  Kuwait 4.99 

United States 2.75  China 0.73 

Singapore 2.25  India 0.66 

Netherlands 2.12  Nepal 0.52 
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Belgium 1.51  Germany 0.51 

India 1.41  United States 0.50 

Korea, Rep. 1.36  Turkey 0.25 

Iran 1.24  Hong Kong SAR, China 0.22 

Kuwait 0.94  Luxembourg 0.18 

United Kingdom 0.93  Belgium 0.11 

Italy 0.71  Morocco 0.06 

Algeria 0.46  Netherlands 0.05 

Germany 0.41  Singapore 0.04 

Qatar 0.24  Korea, Rep. 0.04 

Hong Kong SAR, China 0.22  Italy 0.03 

France 0.22  Belarus 0.03 

Luxembourg 0.11  Ukraine 0.03 

Syria 0.03  Czechia 0.02 

Afghanistan 0.02  Austria 0.01 

Total 100.00  Algeria 0.01 

 

 

 France 0.01 

 Total  100.00 

     

 

Table 4.A.4 Competitor weights for Japan 

  Share   Share    Share   Share 

Competitor 

 
2017 Competitor 

 

2010  Competitor 

 

2000 Competitor 

 

1990 

Germany 25.76 Germany 23.52  United States 21.75 Germany 49.85 

United States 14.35 Korea, Rep. 14.76  Germany 18.42 Korea, Rep. 12.11 

Korea, Rep. 11.80 United States 13.39  Canada 9.08 Canada 10.19 

Canada 8.48 Canada 9.46  Korea, Rep. 7.91 Singapore 7.86 

Mexico 7.18 China 9.32  Singapore 6.30 Spain 6.63 

Hong Kong 

  

5.65 United Kingdom 5.21  Mexico 5.93 Malaysia 3.83 

United Kingdom 5.13 Mexico 5.09  United Kingdom 5.52 Mexico 3.42 

China 4.82 Singapore 4.66  Belgium 4.10 Thailand 3.16 

Italy 4.00 Hong Kong SAR, 

 

3.73  Malaysia 4.09 Finland 0.74 

Singapore 3.87 Italy 3.09  France 3.06 Australia 0.68 

Belgium 1.63 Belgium 1.71  Hong Kong SAR, 

 

2.95 Brazil 0.49 

Malaysia 1.44 France 1.24  Spain 2.19 Denmark 0.39 

Hungary 1.29 Malaysia 1.16  Netherlands 2.18 Portugal 0.31 

France 1.02 Spain 0.94  Philippines 2.16 Switzerland 0.16 

Romania 0.79 Switzerland 0.88  Ireland 1.16 Romania 0.10 

United Arab 

 

0.78 Thailand 0.41  Italy 1.13 Cyprus 0.04 

Philippines 0.61 Poland 0.31  Thailand 0.97 Total 100.00 

Switzerland 0.45 Sweden 0.22  Switzerland 0.69   

Sweden 0.40 Romania 0.21  Austria 0.26   

Vietnam 0.30 Norway 0.19  Australia 0.15   

Austria 0.26 Slovakia 0.18  Total  100.00   

Total 100.00 Congo 0.16      

  Denmark 0.16    

  Total 100.00    
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Table 4.A.5 Competitor weights for Korea 

  Share   Share    Share   Share 

Competitor 

 
2017 Competitor 

 

2010  Competitor 

 

2000 Competitor 

 

1990 

China 19.00 China 26.90  United States 20.41 Japan 27.72 

China, Hong 

  

17.53 Japan 15.71  Japan 13.65 Germany 13.80 

Singapore 13.49 Singapore 10.97  Singapore 10.63 Spain 10.60 

USA 12.10 United States 9.23  Germany 7.50 Turkey 9.95 

Japan 7.35 Hong Kong SAR, 

 

6.40  United Kingdom 6.63 Singapore 9.90 

Germany 5.80 Germany 5.57  Malaysia 5.84 Brazil 6.99 

Malaysia 4.51 Russian 

 

4.52  Netherlands 5.74 Malaysia 5.71 

Russian 

 

3.35 Netherlands 2.93  Hong Kong SAR, 

 

4.21 India 4.69 

Netherlands 3.12 India 2.39  Philippines 3.30 Portugal 3.59 

India 2.00 United Kingdom 2.38  Belgium 2.83 Thailand 1.57 

Belgium 1.89 Malaysia 2.23  Russian 

 

2.61 Canada 1.33 

Philippines 1.82 Belgium 2.15  France 2.33 Switzerland 1.06 

Mexico 1.67 Mexico 1.62  Mexico 2.03 Denmark 0.90 

Viet Nam 1.55 Canada 1.26  Venezuela, RB 2.00 Mexico 0.64 

Iran 1.15 Kuwait 1.22  Ireland 1.54 Finland 0.57 

United Kingdom 1.00 Italy 1.20  Kuwait 1.47 Indonesia 0.42 

United Arab 

 

0.99 France 0.98  Sweden 1.34 Greece 0.28 

Canada 0.96 Thailand 0.76  Finland 1.31 Australia 0.20 

Italy 0.38 Poland 0.37  Thailand 1.29 Romania 0.09 

Hungary 0.33 Spain 0.34  Saudi Arabia 1.23 Total 100.00 

Total 100.00 Romania 0.26  China 0.75   

  Norway 0.23  Canada 0.72   

  Congo 0.20  Spain 0.62   

  Denmark 0.19  Total 100.00   

  Total 100.00      

 

Table 4.A.6 Competitor weights for Malaysia 

  Share   Share    Share   Share 

Competitor 

 
2017 Competitor 

 

2010  Competitor 

 

2000 Competitor 

 

1990 

Indonesia 11.83 Indonesia 15.84  United States 20.13 Indonesia 26.66 

Hong Kong 

  

11.24 Qatar 10.49  Korea, Rep. 14.84 Singapore 22.13 

Singapore 10.30 Hong Kong SAR, 

 

10.30  Singapore 11.42 Mexico 14.90 

Korea, Rep. 10.28 China 9.21  Japan 10.60 Canada 8.21 

United States 9.38 United States 7.12  Hong Kong 

  

6.06 Oman 8.21 

China 7.99 Korea, Rep. 6.04  United 

 

5.64 Japan 6.41 

Russian 

 

6.22 Saudi Arabia 4.49  Netherlands 4.78 Fmr Fed. Rep. of 

 

3.70 

Australia 5.44 Japan 4.17  Ireland 4.21 Australia 3.36 

Netherlands 3.06 Netherlands 3.94  Thailand 3.83 Thailand 2.23 

United Arab 

 

2.90 Russian 

 

3.79  Saudi Arabia 3.20 Denmark 1.99 

Japan 2.65 Singapore 2.49  Philippines 2.99 Rep. of Korea 1.25 

Nigeria 2.34 Germany 2.23  Germany 1.88 New Zealand 0.23 

Iran 2.24 Australia 2.18  Norway 1.52 Portugal 0.21 

India 1.79 Nigeria 2.16  Mexico 1.42 Switzerland 0.21 

Germany 1.76 Algeria 1.71  Nigeria 1.39 Finland 0.21 

Philippines 1.39 Thailand 1.63  Iran 1.28 Greece 0.09 

Canada 1.36 Iraq 1.24  Russian 

 

1.22 Turkey 0.01 

Belgium 1.31 Angola 1.20  China 0.99 Spain 0.01 

Algeria 1.01 Canada 1.20  Venezuela, RB 0.94   
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Kuwait 0.96 Norway 1.13  Canada 0.67 Total 100.00 

Oman 0.84 Iran 1.11  Kuwait 0.58   

Myanmar 0.83 Venezuela, RB 1.05  Italy 0.38   

Vietnam 0.67 Brunei 

 

1.00  Total  100.00 

 

  

Kazakhstan 0.67 Kazakhstan 0.88      

Norway 0.65 France 0.86      

Mexico 0.50 Oman 0.60      

Italy 0.09 United Kingdom 0.58      

CÃ´te d'Ivoire 0.08 Egypt 0.49      

Denmark 0.08 Ukraine 0.24      

Ghana 0.07 CÃ´te d'Ivoire 0.22      

Honduras 0.05 Italy 0.19      

Total 100.00 Kenya 0.19      

  Total 100.00      

 

Table 4.A.7 Competitor weights for the Philippines27 

  Share   Share    Share 

Competitor 

 
2017 Competitor 

 

2010  Competitor 

 

2000 

China 24.50 China 25.03  Singapore 17.98 

Singapore 16.72 United States 13.87  China 16.19 

Hong Kong 

  

15.49 Hong Kong SAR, 

 

11.42  Hong Kong 

  

13.90 

United States 10.08 Singapore 10.59  United States 12.97 

Korea, Rep. 9.78 Japan 7.30  Japan 9.39 

Japan 5.09 Korea, Rep. 6.48  Korea, Rep. 9.15 

Mexico 4.53 Malaysia 5.34  Malaysia 7.44 

Germany 4.21 Malta 4.48  Thailand 3.60 

Malaysia 3.97 Netherlands 3.96  Germany 2.91 

Vietnam 1.41 Germany 3.67  Netherlands 1.79 

Czechia 1.16 Thailand 3.06  France 1.47 

Romania 0.87 Mexico 1.74  Mexico 0.92 

Netherlands 0.82 France 1.21  United 

 

0.92 

Morocco 0.51 Czechia 1.09  Ireland 0.80 

United Kingdom 0.47 Indonesia 0.77  Czechia 0.57 

Ukraine 0.38 Total 100.00  Total 100.00 

Total 100.00      

 

 

 

 

 

 

 

 
27 Due to the unavailability of necessary data, the competitor weights for 1990 for the Philippines were not 

calculated.  



     

OUTPUT EFFECTS OF CURRENCY DEPRECIATION                                   Chapter 4                                            

                            

148 

 

Table 4.A.8 Competitor weights for Singapore 

  Share   Share    Share   Share 

Competitor 

 
2017 Competitor 

 

2010  Competitor 

 

2000 Competitor 

 

1990 

Philippines 32.22 USA 15.87  Rep. of Korea 21.71 Germany 22.20 

Vietnam 16.23 China, Hong 

  

15.34  USA 17.36 Korea, Rep. 11.52 

United States 7.96 Rep. of Korea 9.36  Japan 9.34 Thailand 4.97 

Russian 

 

5.42 Japan 9.21  Netherlands 8.76 Canada 3.88 

Mexico 5.34 Russian 

 

8.42  Malaysia 8.74 Malaysia 3.49 

Netherlands 4.25 China 7.59  United 

 

5.49 Spain 1.62 

China 3.97 Netherlands 6.10  Ireland 4.29 Denmark 0.66 

United Kingdom 3.83 Malaysia 6.05  China, Hong 

  

3.87 Finland 0.61 

India 3.24 India 4.45  Thailand 2.99 Australia 0.37 

Korea, Rep. 3.21 Belgium 2.88  Germany 2.66 Turkey 0.36 

Belgium 2.38 United Kingdom 2.72  Russian 

 

2.66 Switzerland 0.35 

United Arab 

 

2.02 Germany 2.55  China 2.22 India 0.13 

Australia 1.95 Thailand 2.54  Philippines 2.13 Mexico 0.07 

Iran 1.86 Kuwait 2.27  Venezuela 2.04 Brazil 0.05 

Germany 0.94 Italy 2.23  Belgium 1.75 Total 100.00 

Ghana 0.85 France 1.94  Kuwait 1.50   

South Africa 0.75 Philippines 0.47  Saudi Arabia 1.26   

Switzerland 0.72 Total  100.00 

 

 Italy 0.66   

Japan 0.52    France 0.58   

France 0.47    Total  100.00 

 

  

Hong Kong 

  

0.38        

Brazil 0.30        

Burkina Faso 0.27        

Italy 0.23        

Spain 0.21        

Israel 0.18        

Tunisia 0.15        

Czechia 0.06        

Slovakia 0.05        

Ukraine 0.02        

Egypt 0.01        

Total 100.00        
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Table 4.A.9 Competitor weights for Sri Lanka 

  Share   Share    Share   Share 

Competitor 

 
2017 Competitor 

 

2010  Competitor 

 

2000 Competitor 

 

1990 

China 22.01 Kenya 15.33  Kenya 17.92 India 53.57 

Kenya 15.31 India 14.98  India 17.64 Indonesia 12.47 

India 11.08 China 14.19  China 10.26 Germany 9.20 

United States 6.72 United Kingdom 10.76  Hong Kong 

  

7.29 Turkey 5.01 

Germany 5.72 Hong Kong SAR, 

 

6.56  United 

 

7.11 Bangladesh 3.09 

Belgium 4.29 Germany 5.44  Mexico 5.79 Malawi 2.93 

Russian 

 

3.76 Belgium 4.73  Indonesia 4.82 Thailand 2.78 

Poland 3.69 Indonesia 2.56  Germany 4.24 Switzerland 2.74 

United Arab 

 

3.47 Bangladesh 2.44  United States 3.28 Singapore 2.28 

Hong Kong 

  

3.35 United States 2.40  Bangladesh 3.07 Korea, Rep. 1.39 

Vietnam 2.91 Poland 2.28  Belgium 3.04 Australia 1.37 

Netherlands 2.61 Israel 2.25  Italy 2.87 Brazil 1.13 

United Kingdom 2.49 Russian 

 

1.81  Vietnam 2.22 Portugal 0.64 

France 2.26 Uganda 1.56  Turkey 1.66 Greece 0.53 

Indonesia 1.89 Vietnam 1.50  Malawi 1.55 Malaysia 0.52 

Singapore 1.32 Azerbaijan 1.38  Argentina 1.47 Canada 0.24 

Brazil 1.23 Italy 1.37  United Rep. of 

 

1.25 Denmark 0.10 

Mexico 1.19 Argentina 1.21  Uganda 1.10 Total 100.00 

Argentina 1.00 Malawi 1.07  France 0.87   

Korea, Rep. 0.97 Mexico 1.06  Tunisia 0.86   

Malawi 0.77 Thailand 0.90  Philippines 0.84   

Uganda 0.74 Turkey 0.85  Mauritius 0.50   

Italy 0.65 France 0.84  Morocco 0.35   

Iran 0.58 United Rep. of 

 

0.62  Total 100.00   

Total 100.00 Austria 0.54      

  Pakistan 0.54      

  Netherlands 0.47      

  Switzerland 0.24      

  South Africa 0.11      

  Total 100.00      
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Table 4.A.10: NEER and REER Indices deflated by CPI (2010=100) and Export Unit Value 

(2000=100)28 for India, Indonesia, and Iran 

  India Indonesia Iran 

  NEER_ REER_ NEER_ REER_ NEER_ REER_ NEER_ REER_ NEER_ REER_ NEER_ REER_ 

CPI CPI  EUV EUV CPI CPI  EUV EUV CPI CPI  EUV EUV 

1960 430 5878 461 8958 369 0363 300 5649 537 9373 105 5318 456 6187 136 8799 1846 2049 231 8912 1148 7829 1053 693 

1961 439 6684 468 1079 376 8188 310 2466 540 7838 105 0387 459 035 116 779 1850 6745 235 6652 1151 5641 1022 3266 

1962 449 7442 484 2611 385 4543 299 7987 544 1255 104 8774 461 8715 110 8873 1856 4402 234 1961 1155 1517 992 744 

1963 461 3637 499 99 395 4129 297 1931 545 3442 103 1776 462 9059 174 7696 1857 4289 234 2187 1155 767 966 8244 

1964 484 8072 583 3329 415 5051 304 0985 546 9106 102 1895 464 2355 174 2077 1857 8159 237 5223 1156 0078 944 5881 

1965 497 9389 639 349 426 7597 326 4341 547 7323 100 7575 464 9331 166 6697 1859 645 237 5362 1157 1459 898 2274 

1966 376 6752 518 4131 322 8303 317 3732 549 425 98 5906 466 3699 157 9012 1863 1274 230 0558 1159 3128 878 8766 

1967 324 0945 487 7574 277 7659 316 8187 551 6794 95 589 468 2835 153 0567 1867 6909 230 9783 1162 1524 868 0344 

1968 336 2952 499 6491 288 2226 312 9959 561 6309 219 472 476 7306 158 5282 1889 1716 231 0479 1175 5185 858 3293 

1969 340 723 488 2069 292 0175 329 6028 511 0523 227 3243 433 7978 160 979 1889 0055 230 7675 1175 4152 843 1085 

1970 342 9692 500 3916 293 9426 323 534 458 075 223 4919 388 829 205 3788 1886 1148 224 2911 1173 6164 810 9308 

1971 340 2245 488 534 291 5902 325 1217 421 7358 208 4467 357 9831 182 9261 1875 9465 220 4743 1167 2893 909 2371 

1972 322 6222 466 1303 276 5041 314 0935 378 1882 191 9585 321 0184 190 6204 1782 61 213 8688 1109 2116 907 3866 

1973 292 8749 449 4473 251 0091 259 6841 345 4267 207 4847 293 2094 182 2751 1857 9035 223 9711 1156 0622 1073 2082 

1974 277 1785 479 2505 237 5565 240 0463 342 2653 246 9 290 526 259 7865 1853 2678 223 9999 1153 1777 2688 6288 

1975 263 7939 445 935 226 0852 286 5261 345 7909 276 5356 293 5186 276 466 1838 9743 210 5268 1144 2837 2010 3772 

1976 259 5082 383 3864 222 4121 296 0689 371 5339 336 4465 315 3701 294 1611 1840 67 202 4302 1145 3389 2015 8814 

1977 275 0182 412 8642 235 705 305 3058 399 8835 366 7656 339 4341 312 2381 1885 4186 237 7726 1173 1833 2061 7167 

1978 281 559 406 9875 241 3108 333 2601 366 1234 337 1264 310 7774 267 3102 1852 1501 244 808 1152 4822 1949 8409 

1979 285 8453 406 2408 244 9844 304 0361 255 0565 253 666 216 5002 207 6533 1816 0213 247 2193 1130 0015 2982 5905 

1980 314 2005 449 0131 269 2862 334 4035 254 0611 268 2834 215 6554 243 0261 1769 9877 264 9664 1101 3575 3656 4039 

1981 329 6655 464 3514 282 5406 329 9103 264 0527 276 6632 224 1366 246 0425 1697 5472 287 5061 1056 2821 3457 8664 

1982 338 9341 456 9056 290 4843 358 6407 302 3936 302 0299 256 6815 291 5767 1761 1776 326 6644 1095 8755 3134 6522 

1983 370 6858 495 2183 317 6971 391 2998 256 9205 244 4049 218 0825 225 4008 1867 3301 375 2732 1161 9279 3517 5038 

1984 391 863 498 5737 335 8471 406 1813 247 762 232 1948 210 3084 208 826 1993 797 417 5782 1240 6207 3794 3674 

1985 425 9121 504 8261 365 0289 487 1679 262 7917 233 646 223 0662 207 3583 935 4143 193 8802 582 0524 1781 2628 

1986 392 7042 456 3695 336 5681 465 319 269 8529 221 0753 229 0599 173 8758 1005 7429 231 366 625 8137 1319 6083 

1987 384 0931 429 5742 329 1879 434 0571 237 2166 178 5488 201 3572 130 076 1179 9891 312 285 734 2366 1589 2097 

1988 400 055 407 9932 342 8681 513 453 251 0621 172 5333 213 1097 126 478 1141 859 335 2587 710 5106 1494 4184 

1989 429 9745 372 5612 368 5106 549 9282 246 5231 167 5586 209 2569 125 0002 1053 3978 332 0956 655 4665 1326 2435 

1990 463 1651 327 0257 396 9567 563 5232 241 6114 161 1861 205 0876 137 0764 819 5709 257 5574 509 97 911 1083 

1991 417 301 277 3848 357 6488 484 4165 233 127 157 2518 197 8858 115 9233 666 4334 225 4461 414 6817 850 4556 

1992 371 1932 257 9549 318 132 423 9676 243 5072 157 5767 206 6969 122 8483 567 4048 221 3202 353 0621 714 311 

1993 340 7535 226 0552 292 0436 374 7431 264 5046 148 0218 224 5201 142 3643 457 6854 153 0513 284 7903 632 8009 

1994 349 3273 230 886 299 3918 367 324 297 0444 147 153 252 141 136 2506 384 9199 130 0059 239 5126 399 7261 

1995 333 6471 222 7023 285 9531 310 8442 310 2083 141 0106 263 315 126 3967 304 6215 118 3441 189 5478 264 8988 

1996 322 1487 216 6749 276 0983 281 7549 319 1948 139 5744 270 9429 133 8461 264 3611 112 5239 164 4961 204 2449 

1997 341 3344 233 3063 292 5414 344 3303 272 4519 119 5676 231 2661 130 1395 217 6343 101 1417 135 4208 175 5511 

1998 329 2447 242 4446 282 18 314 5375 88 2288 57 8761 74 8915 54 1026 206 194 104 732 128 3022 208 125 

1999 121 0561 89 635 103 7514 107 1681 118 6993 87 6444 100 7558 73 6508 208 1932 114 473 129 5462 167 9262 

2000 116 679 87 6268 100 100 117 8089 86 7432 100 100 160 7096 96 1677 100 100 

 
28 Both REER_CPI and REER_EUV indices were adjusted for 2017 weights to smooth out large ups and downs due to 

change in competitor structure.  
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2001 114 9169 87 2416 98 4898 95 7496 100 4338 78 8664 85 2515 92 6109 154 0564 96 5313 95 8601 93 9529 

2002 112 6221 86 305 96 5231 91 5224 113 2171 94 3964 96 1024 107 7847 148 7961 95 0265 92 5869 91 5722 

2003 110 6741 85 393 94 8535 94 3146 106 0426 89 4105 90 0124 92 9153 80 1502 53 0234 49 8727 49 3574 

2004 108 1861 84 1766 92 7211 93 043 97 4325 82 8615 82 7039 84 5836 72 0747 50 2263 44 8478 46 4134 

2005 109 1406 85 5286 93 5392 92 0244 100 8228 89 3947 85 5817 84 7189 113 1585 82 1771 70 4118 78 5008 

2006 104 1973 83 7247 89 3025 88 9978 105 2603 99 4676 89 3484 90 757 108 308 79 7661 67 3936 76 8192 

2007 108 6681 90 0143 93 1343 92 8512 100 0118 95 18 84 8933 88 4381 102 4563 82 0393 63 7524 71 7797 

2008 100 4061 85 1031 86 0533 84 118 92 5584 89 6537 78 5666 82 0184 98 9341 90 6251 61 5608 73 8713 

2009 96 9626 89 0804 83 102 83 4645 92 3147 90 8724 78 3597 87 3829 103 7635 100 8756 64 5658 74 3315 

2010 100 100 85 7052 86 1603 100 100 84 8833 93 3394 100 100 62 224 74 0446 

2011 95 305 99 1573 81 6814 84 4481 98 9847 99 8564 84 0215 94 9612 97 7657 109 7957 60 8337 73 4229 

2012 85 8876 94 4928 73 6102 76 3666 98 441 100 3309 83 5599 91 9196 87 2406 116 5184 54 2846 65 3351 

2013 78 4583 92 7616 67 2429 68 5017 91 1577 95 605 77 3776 81 3259 59 5996 104 0915 37 0852 44 7176 

2014 76 8489 94 2451 65 8635 66 1688 85 1104 91 811 72 2445 77 1989 44 8196 85 9254 27 8886 33 7656 

2015 80 1959 101 9679 68 7321 67 1413 89 4387 99 3158 75 9185 89 7682 47 0041 93 4376 29 2479 36 3501 

2016 78 0103 102 2904 66 8589 65 8643 97 2554 107 9074 82 5535 101 9472 48 9884 93 4715 30 4825 38 3144 

2017 79 4361 104 5794 68 0809 67 4504 96 5692 108 3921 81 9711 101 7984 45 0687 76 3795 28 0436 35 5031 

 

Table 4.A.10:  NEER and REER Indices deflated by CPI (2010=100) and Export Unit Value 

(2000=100)29  for Japan, Korea and Malaysia 

  Japan Korea Malaysia  
NEER_ REER_ NEER_ REER_ NEER_ REER_ NEER_ REER_ NEER_ REER_ NEER_ REER_ 

CPI CPI  EUV EUV CPI CPI  EUV EUV CPI CPI  EUV EUV 

1960 36 4916 75 8329 37 7473 34 8839 171 6017 149 3971 143 8472 228 0912 27 9188 220 4718 31 9469 23 0758 

1961 35 9803 76 7665 37 2184 32 8716 175 1627 160 878 146 8322 233 3748 27 9736 217 7766 32 0096 24 7957 

1962 36 2617 80 2808 37 5095 31 5656 172 3517 162 6317 144 4758 228 6887 28 0975 216 3545 32 1514 25 814 

1963 36 3633 81 8453 37 6146 31 5859 177 1818 192 9895 148 5248 229 9293 28 1169 219 6151 32 1736 23 329 

1964 38 7707 85 9804 40 1048 34 3847 113 7531 155 3802 95 3548 148 1761 28 2914 216 3662 32 3733 22 8697 

1965 39 8962 90 2866 41 269 34 0799 94 0058 139 0754 78 8015 124 2656 28 3678 213 0719 32 4606 24 4958 

1966 40 0134 91 0528 41 3903 33 0117 94 5825 148 8466 79 2849 133 2286 28 3728 210 2567 32 4664 22 824 

1967 40 1366 91 5366 41 5177 32 6989 97 1615 161 3983 81 4468 140 7057 28 4166 215 1725 32 5166 21 9219 

1968 40 7032 94 8867 42 1038 33 2448 98 1173 173 9027 82 248 147 7857 28 8191 171 8565 32 9771 19 749 

1969 40 6487 96 6018 42 0475 33 5119 95 2527 184 3738 79 8467 132 7392 29 5607 166 2419 33 8257 21 0168 

1970 39 4247 95 7211 40 7813 34 0187 90 2219 193 5324 75 6295 128 1605 30 2869 164 6161 34 6567 20 2363 

1971 40 002 97 8709 41 3784 34 2334 82 4257 188 8694 69 0944 113 6938 30 8074 164 046 35 2522 19 4553 

1972 44 0306 106 6026 45 5456 40 7505 67 6393 163 447 56 6994 87 777 32 5072 171 0081 37 1973 18 0568 

1973 44 0221 109 7096 45 5369 43 0555 60 9719 136 5963 51 1104 80 6257 35 3379 176 2832 40 4364 24 0991 

1974 40 208 109 4995 41 5915 39 3009 61 3088 144 8233 51 3928 80 3421 35 802 170 1559 40 9675 24 2822 

1975 39 5225 109 9321 40 8824 34 933 51 7792 139 4512 43 4045 62 8477 36 0213 161 4755 41 2185 20 7865 

1976 40 9303 116 6997 42 3387 35 7122 55 3842 160 0392 46 4264 74 3168 35 4173 149 0629 40 5273 21 1213 

1977 44 7361 128 5672 46 2754 38 8068 56 1337 161 7911 47 0548 76 8899 38 6196 154 7919 44 1916 23 8288 

1978 53 1387 148 9729 54 9672 52 1803 53 3479 158 7338 44 7195 74 3269 40 3946 157 5246 46 2227 24 113 

1979 48 2729 130 313 49 934 44 8632 55 1477 175 2403 46 2282 82 1856 46 4599 170 7894 53 1631 31 5032 

1980 48 0588 126 3292 49 7125 41 7849 51 0311 181 2864 42 7774 71 1305 46 9343 162 2932 53 706 29 5734 

1981 57 5619 143 1999 59 5426 50 3568 52 7538 195 6145 44 2215 73 6886 45 5116 153 6294 52 078 25 8758 

 
29 ibid.  
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1982 56 1378 132 208 58 0695 45 1717 58 2973 203 7224 48 8684 79 2923 52 8394 166 6554 60 4631 30 7698 

1983 64 0339 143 6152 66 2373 51 3912 64 4059 203 7107 53 989 84 1176 65 0373 183 2355 74 4208 42 278 

1984 70 2777 152 6931 72 696 55 3522 74 3081 205 1302 62 2896 94 1626 71 0707 186 2227 81 3247 53 4714 

1985 74 8344 158 2736 77 4094 57 9898 80 3741 195 2469 67 3745 111 9886 74 9154 180 3444 85 7242 54 4923 

1986 92 8958 190 0335 96 0923 89 4005 73 1088 162 3804 61 2843 100 3267 82 5304 177 5773 94 4379 64 0447 

1987 98 9537 192 8152 102 3586 101 9354 79 2025 157 941 66 3924 109 694 98 4711 180 8702 112 6784 90 4751 

1988 110 074 202 8692 113 8616 120 3481 102 7996 176 6518 86 173 151 2762 99 6388 161 7968 114 0146 107 002 

1989 105 94 188 8942 109 5853 108 4102 143 7624 198 8834 120 5105 219 0508 98 6046 154 638 112 8313 114 1402 

1990 94 324 162 5666 97 5697 92 2886 168 1582 182 8083 140 9606 242 8254 99 4996 147 307 113 8553 121 1329 

1991 104 1584 173 9329 107 7424 104 2997 192 1556 185 1968 161 0767 278 7735 98 9912 141 4407 113 2737 132 3073 

1992 109 1058 177 0851 112 86 111 1471 175 6104 172 5662 147 2075 245 8517 106 92 129 8542 122 3464 122 3464 

1993 129 9779 205 6096 134 4504 141 9783 174 778 163 2606 146 5098 240 0532 108 3452 148 6238 123 9773 141 1714 

1994 141 4335 217 9488 146 3001 160 1649 177 0038 162 6667 148 3755 225 2322 106 8522 142 0135 122 2689 137 0991 

1995 151 9542 223 6917 157 1829 172 7339 180 9634 162 3731 151 6948 225 0061 110 177 141 8653 126 0733 138 804 

1996 134 9513 190 5906 139 5949 141 3559 182 9359 163 3626 153 3481 198 7568 114 2773 144 767 130 7652 150 0305 

1997 130 4722 181 2448 134 9617 130 1225 165 7035 149 1908 138 9029 172 1413 109 7812 137 5873 125 6204 139 9639 

1998 130 8096 177 7262 135 3107 127 9089 121 9131 114 4622 102 1951 106 5332 88 3577 112 454 101 1059 112 0033 

1999 86 8545 115 1274 89 8431 88 9393 108 7647 99 6182 91 1733 91 6714 85 2459 109 023 97 5452 102 227 

2000 96 6735 124 0857 100 100 119 2945 109 1259 100 100 87 3912 110 9427 100 100 

2001 88 557 109 9521 91 6042 86 9345 108 7839 101 081 91 1894 80 6235 92 3115 115 7011 105 6301 109 0421 

2002 84 1736 101 9218 87 0699 78 8837 112 535 106 4764 94 3338 81 3093 92 0888 112 4484 105 3754 107 4088 

2003 84 3681 99 976 87 2712 75 5979 113 0696 109 1007 94 7819 79 7179 81 4591 96 2837 93 212 90 8631 

2004 86 0971 99 5888 89 0597 74 8018 113 6905 110 8867 95 3024 81 7658 79 7913 91 3166 91 3035 82 4391 

2005 82 2377 92 7653 85 0675 68 378 126 48 124 1427 106 0233 90 9578 88 7197 99 105 101 5202 84 2732 

2006 75 9734 84 0772 78 5876 59 4542 134 445 132 0993 112 7001 91 1612 89 7072 97 8001 102 6501 80 0299 

2007 71 4113 77 0167 73 8686 52 8367 132 9025 129 9154 111 4071 85 996 93 2617 98 2625 106 7175 82 0667 

2008 80 9985 85 1973 83 7856 59 0841 105 4536 102 8247 88 3977 64 5192 95 4672 98 4536 109 2412 84 3058 

2009 95 5478 98 2961 98 8355 75 8511 92 4675 92 002 77 512 52 6231 94 4005 95 9271 108 0206 91 4275 

2010 100 100 103 441 78 9672 100 100 83 8262 58 0034 100 100 114 428 100 2477 

2011 105 845 102 0574 109 487 81 786 99 4644 99 5298 83 3772 54 0198 102 96 101 4104 117 8151 102 0721 

2012 109 6071 103 029 113 3787 84 885 98 8975 97 8485 82 902 51 3944 108 464 104 4742 124 1132 108 5896 

2013 88 3361 81 7794 91 3757 62 0126 103 4317 100 5063 86 7029 53 8416 109 8474 103 7675 125 6961 109 0692 

2014 81 6653 76 4332 84 4754 54 8309 109 809 105 1851 92 0487 56 5499 110 2896 103 7607 126 2022 109 3668 

2015 79 5608 74 4354 82 2984 53 5081 110 249 104 4422 92 4175 55 9932 102 4994 95 3438 117 288 97 2504 

2016 91 2053 84 3085 94 3436 63 8088 109 4766 103 0431 91 77 54 751 99 131 91 7706 113 4336 92 4762 

2017 87 9445 80 0343 90 9706 59 8428 112 7221 106 2098 94 4907 59 2146 95 228 89 2096 108 9675 84 8856 

 

 

 

 

 



     

OUTPUT EFFECTS OF CURRENCY DEPRECIATION                                   Chapter 4                                            

                            

153 

 

Table 4.A.10: NEER and REER Indices deflated by CPI (2010=100) and Export Unit Value 

(2000=100)30  for the Philippines, Singapore and Sri Lanka  

  Philippines  Singapore Sri Lanka  
NEER_ REER_ NEER_ REER_ NEER_ REER_ NEER_ REER_ NEER_ REER_ NEER_ REER_ 

CPI CPI  EUV EUV CPI CPI  EUV EUV CPI CPI  EUV EUV 

1960 1042 7429 97 1998 916 998 4169 0772 65 1996 228 9241 75 9575 53 9685 359 2771 296 6208 241 4062 113 1752 

1961 1040 547 93 8781 915 0669 4074 2067 64 7198 218 1691 75 3985 57 0623 359 607 295 0728 241 6278 106 5919 

1962 1043 7223 99 0326 917 8592 4174 0923 65 0257 209 2405 75 7549 60 2985 361 2125 292 4614 242 7066 109 446 

1963 994 9067 97 9648 874 9303 4051 8636 65 0549 200 5723 75 7889 61 6295 362 8453 292 5064 243 8037 102 3986 

1964 1041 3254 106 6285 915 7514 4115 8727 68 9175 204 3915 80 2889 67 5238 368 6128 284 5091 247 679 103 211 

1965 1062 7034 108 2883 934 5515 4129 2839 70 6982 198 2317 82 3633 70 9178 371 478 270 9274 249 6042 100 212 

1966 1066 9943 111 0778 938 3249 4076 5287 70 8793 192 7222 82 5744 72 4384 434 6101 295 0975 292 0241 94 4247 

1967 1067 6994 114 079 938 945 4095 6074 70 9483 190 9516 82 6547 74 4049 465 9504 298 0693 313 0823 87 4931 

1968 1080 5308 116 3947 950 2291 4377 4035 71 4055 184 833 83 1874 77 6221 381 1182 226 9721 256 0817 88 8985 

1969 1084 9288 114 8393 954 0967 4278 7423 71 5201 176 1504 83 3208 78 5824 386 1883 241 7983 259 4884 84 7177 

1970 720 6972 84 4303 633 788 2798 3191 70 9344 164 9928 82 6385 78 7662 394 6711 248 2689 265 1882 82 3085 

1971 663 5996 90 6969 583 5758 2401 2252 70 4356 156 7297 82 0575 79 7216 404 4937 250 5974 271 7882 82 3936 

1972 606 9544 83 4251 533 7615 1954 0247 70 1665 150 6058 81 744 76 0642 400 8375 248 6154 269 3315 74 8307 

1973 550 3838 77 3612 484 0127 2028 4043 72 5622 170 0991 84 5349 91 2025 365 5087 215 1135 245 5934 68 7266 

1974 547 817 89 7538 481 7555 2656 1192 75 2656 182 0282 87 6844 108 4727 359 1485 188 116 241 3198 80 1328 

1975 512 0474 82 9207 450 2994 1956 0096 78 7689 175 402 91 7657 115 5617 350 1091 181 1861 235 246 63 4574 

1976 512 2325 86 8574 450 4621 1654 695 76 3334 153 856 88 9284 113 8628 307 4068 160 8288 206 5534 61 9567 

1977 500 8255 86 9113 440 4307 1513 4562 72 6498 140 4324 84 637 112 7735 287 9706 139 8826 193 4938 89 0666 

1978 471 8153 82 1628 414 9188 1461 9066 66 862 128 0309 77 8942 103 1269 154 6701 79 3329 103 9263 82 5841 

1979 462 5083 86 5425 406 7341 1528 065 69 7239 130 6781 81 2283 108 9354 162 0557 83 682 108 8888 87 1098 

1980 460 1392 90 6504 404 6508 1396 252 74 1365 136 4512 86 3689 134 4947 158 4752 90 5445 106 483 81 5891 

1981 467 8368 97 1892 411 4201 968 1043 80 0043 147 1241 93 205 147 0887 152 9845 90 5487 102 7936 72 6052 

1982 463 0035 101 988 407 1697 901 5011 86 9569 158 5491 101 3047 160 2512 157 3812 94 1659 105 7479 65 5076 

1983 371 9435 86 5857 327 0906 571 3376 88 3351 158 005 102 9103 158 852 156 9716 95 7947 105 4727 75 3199 

1984 261 7109 89 4996 230 151 269 4828 90 9444 162 3526 105 9502 152 1204 167 1923 107 7424 112 3402 91 6868 

1985 250 9842 105 052 220 7179 200 3169 91 2212 159 6087 106 2726 147 3909 174 7619 105 438 117 4263 85 0194 

1986 224 9064 94 8949 197 7848 161 7432 72 2532 123 0858 84 1749 93 2594 171 1033 102 2501 114 9681 75 7192 

1987 217 9527 92 1998 191 6697 158 0623 65 4338 110 7354 76 2303 83 5883 169 8147 99 0245 114 1022 82 027 

1988 207 1589 93 5015 182 1775 158 07 63 2288 106 0871 73 6615 77 6611 170 6433 100 568 114 659 80 0126 

1989 201 9724 95 7837 177 6165 145 9782 68 3661 113 3924 79 6465 85 3565 173 8666 102 2605 116 8248 82 4863 

1990 185 0231 93 5598 162 7111 123 3199 73 0857 120 2707 85 1448 99 9338 166 9811 105 0781 112 1983 85 2676 

1991 165 1158 94 4252 145 2044 111 6102 75 0073 121 9119 87 3834 100 7705 196 8031 120 9449 132 2363 102 1922 

1992 175 0974 103 7307 153 9824 110 5022 79 0472 125 4609 92 09 104 5985 200 8075 121 8593 134 927 122 6611 

1993 165 2135 98 8414 145 2903 106 2715 81 9125 119 9948 95 428 110 4364 218 2636 128 9883 146 6561 140 1578 

1994 177 8578 109 5831 156 4098 112 8715 89 3469 123 5816 104 089 109 2275 229 4887 128 7956 154 1985 143 9587 

1995 176 1542 109 513 154 9117 105 2007 94 1264 123 2902 109 6572 110 6829 228 1741 124 6079 153 3152 150 5611 

1996 176 4913 113 1441 155 2082 114 157 99 5916 124 9656 116 0242 119 1563 224 8833 130 0657 151 104 153 0774 

1997 166 7423 109 3183 146 6348 117 1893 103 6676 127 7537 120 7726 124 3952 221 7938 130 4983 149 0281 147 4483 

1998 133 0217 93 276 116 9805 110 8151 107 5311 126 3806 125 2736 122 2575 230 2722 135 4274 154 7249 165 594 

 
30 ibid  
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Table 4.A.11: describes the data definitions and sources in detail.  

Table 4.A.11: Data Description and Sources 

Variable Description Source/s 

Real GDP per capita 

–‘rgdppc’  

Output-side real GDP at chained PPPs (in mil. 2011 

US$) 

PWT 9.1 

Real Effective Change rate -  

‘REER_IMF’ 

The real effective exchange rate (a measure of the 

value of a currency against a weighted average of 

several foreign currencies) divided by a price 

deflator. 

IMF-IFS, Darvas 

(2012) 

Real Effective Change rate - 

‘REER_CPI’ 

The real effective exchange rate constructed by 

author deflated by CPI - as detailed in section 4.4 

and Appendix 4.A.1  

Data for the 

calculation are 

sourced from 

IMF-IFS, WITS, 

UN Trade 

Real Effective Change rate - 

‘REER_EUV’ 

The real effective exchange rate constructed by 

author deflated by Export Unit Value Index - as 

detailed in section 4.4 and Appendix 4.A.1  

Population -‘pop’ Population in millions WDI 

Human Capital – ‘hc’ Human capital index, based on years of schooling 

and returns to education 

PWT 

Investment- ‘invest’ Real investment on physical capital PWT 

Savings- ‘sav’ Gross domestic savings (% of GDP) WDI 

Real GDP Growth- 

‘realgrowth’ 

Real GDP Growth rate WDI,  

Conference Board 

Patent –‘PAT’ Resident patent applications per million population 

(calculated as applications/ population millions) 

WDI 

Executive constraints – 

‘exe_cons’ 

Limitations on the executive’s actions. The degree 

of checks and balances between the various parts of 

the government is coded on a 7-point scale which 

ranges from “unlimited executive authority” to 

“executive parity or subordination” with value 

ranges between 1-7. 

Polity IV  data 

base 

Political constraints – 

‘polcon’ 

A measure of political constraint (POLCONIII). 

Scores for the final measure of political constraints 

range from zero (most hazardous) to one (most 

constrained). 

POLCON data 

base  

Democracy-‘democ’ The Democracy indicator is an additive eleven-

point scale (0-10) to show the level of democracy in 

Polity IV  data 

base 
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the country, where strongly democratic is shown 

with a score of 10.  

US dollar index- ‘USDI’ This measures the value of the United States dollar 

relative to a basket of foreign currencies. 

www.macrotrends

.net 

Secondary school enrolment 

rate – ‘school’ 

School enrolment, secondary (% gross) as a 

proportion of the total secondary school age 

population.  

WDI 

Tertiary enrolment rate-

‘schoolt’ 

School enrolment, tertiary (% gross) as a proportion 

of the total tertiary level age population. 

WDI 

Youth dependency –

‘agedep’  

Young age dependency ratio, which is the ratio 

between the population in the 0-14 years of age 

group to total population. 

WDI 

Life expectancy –‘lifeexp’ Life expectancy at birth WDI 

Fed fund rate-‘fedrate’ The Federal Reserve fund rate  https://fred.stlouis

fed.org 

Real interest rate-‘reali’ Domestic real interest rate WDI 

Financial development- 

‘findev’ 

Private sector credit as a % of GDP  WDI 

Sources: International Monetary Fund (imf.org) International Financial Statistics (IFS); World Bank-World 

Development Indicators (WDI) database; Penn World Tables version 9.1 (PWT); Chinn, Menzie D. and Hiro Ito 

(2006);  Darvas, Zsolt (2012a); Darvas (2012); World Integrated Trade Solution (WITS); UN Comtrade Database 

(UN Trade); Macro trends database (www.macrotrends.net); Fred St.Louis database; Polity IV database; and 

POLCON database. 
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Table 4.A.12: : Exchange Rate (REER) and Real Output Per Capita 
  (1) (2) (3) 

Dependent Variable=ln(Y/L)  

Restricted Model 

  

Add control 

variables 

 

Baseline model 

(for comparison)  
Exchange rate 

variable=REER 

_EUV 

Exchange rate 

variable=REER 

_EUV 

Exchange rate 

variable=REER 

_CPI  
      

 Panel A: Second Stage Regressions 

REER, logs -2.158*** -0.210*** -0.525*** 
 (0.347) (0.075) (0.159) 

Investment as a % of GDP, logs:  (invest)  0.415*** 0.443*** 
  (0.048) (0.057) 

Human capital, logs : (hc)  0.796*** 0.141 
  (0.163) (0.264) 

Patents registrations, logs: (Pat/L)  0.189*** 0.221*** 
  (0.018) (0.025) 

Population growth, log : (pop)  -0.186*** -0.180*** 
  (0.034) (0.037) 

Trade openness as a % of GDP, logs(Trade) 0.168 -0.097 0.205* 

 (0.246) (0.087) (0.120) 

    
 Panel B: First Stage Regressions 

ln EIC 0.115** 0.072 0.252*** 
 (0.047) (0.069) (0.031) 

ln Fedrate 0.087*** 0.207*** 0.047*** 
 (0.018) (0.021) (0.012) 

Reserve growth  -0.001 -0.004 -0.001** 

 (0.001) (0.001) (0.001) 

    
 Panel C: Diagnostic Statistics 

First stage F-test for excluded IVs (SW) 16.70 33.31 28.93 

Endogeneity test 165.81 7.920 64.899 

(P-value) (0.000) (0.005) (0.000) 

Number of Observations 435 361 361 

Numbers in parentheses are country level clustered standard errors. *, ** and *** denote 10%, 5% and 1% significance 

levels, respectively. 
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CHAPTER 5: Conclusions and Policy Implications  

This chapter summarises the major findings of the thesis and provides general policy 

implications which arose from the research findings that might help to improve the income 

effects of trade and income effects of real depreciation in the exchange rate. The strategies 

outlined below will insist on the importance of revisiting the policies on tariff and non-tariff 

barriers, streamlining exports and imports procedures, improving institutional quality, resource 

reallocation, and intellectual property protection.   

This thesis examined two major themes in international economics; international trade and 

exchange rates using a world sample for the first two studies and selected nine economies in 

Asia for the third study. International trade has proven to be a powerful source of economic 

growth and poverty reduction. Since the creation of the General Agreement on Tariffs and 

Trade (GATT) in 1947, there have been many major trade liberalisation measures until the 

Uruguay Round, which was completed in 1994. The resulting trade liberalisation and 

integration may have raised the income level and living standards around the world. Due to 

differences in export and import baskets, however, all countries do not benefit similarly through 

trade. The international market for high-tech products is growing rapidly than other 

manufactured goods leading the economic growth around the world (Lawrence, 1998). Thus, 

countries do benefit more through rapidly growing high-tech manufacturing and trading 

because: (1) the high-tech firms are associated with innovation, and hence use scarce resources 

productively, (2) due to higher value-added in high-tech products, the employees in the high-

tech sector are compensated with higher wages, and (3) the positive spill-over effects to other 

sectors. However, due to the technology gaps that still exist between countries, every country 

is not similarly capable of transforming into a high-tech economy to reap the benefits of high-

tech manufacturing and trade (United Nations, 2018). The countries with lower technological 

capabilities find it difficult to climb up the global value chain and diversify their export basket 

to be compatible with developed countries. The transmission mechanism also plays a major 

role, because depending on the nature of the traded product, the transmission mechanism may 

be varied – essentially because some products can promote technological advancement and 

human capital development, whereas other product types may not. Therefore, it is equally vital 

to understand the mechanism of transmitting the benefits of trade to income while examining 

the income effects of trade.  

Moving to exchange rates, small open economies are often faced with the enigma of 

managing the exchange rate in its optimal way to avoid macroeconomic imbalances. Even 
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though most of the economies’ current de jure exchange rate arrangement is classified as 

flexible, most economies manage their exchange rate under a soft peg or floating arrangement 

showing that the de facto arrangement is not flexible (IMF, 2018). Even when the market has 

warranted a depreciation in the exchange rate, central banks in small open economies more 

often face pressure from their governments to defend the exchange rate against depreciation. 

This is due to the possible impact on the government from currency depreciation due to holding 

of a higher level of external debts. The traditional stream of literature on exchange rate-growth 

nexus suggests expansionary effects of depreciation, while the alternative view is that 

depreciation has contractionary effects; thus, it was interesting to revisit this question in the 

context of small open economies in Asia. 

Given this backdrop, the central focus of this thesis was: (1) to examine the income effects 

of trade in goods embodying varying technology levels by extending the approach of Frankel 

and Romer (1999), (2) to investigate the transmission channels of trade effects on income using 

the augmented Solow model of Mankiw et al. (1992) and Nonneman and Vanhoudt (1996), 

and (3) to examine the direct and indirect growth effects of exchange rate depreciation using a 

newly developed real effective exchange rate index and applying the augmented Solow model 

of Mankiw et al. (1992) and Nonneman and Vanhoudt (1996).  

    

5.1 Summary of Main Findings  

Chapter 231 empirically estimated the income effects of trade at the product category level 

by regressing per capita income on instrumented trade openness of goods at different levels of 

sophistication. By employing bilateral annual trade data from 1996 to 2015 for 224 countries, 

this study suggested three main findings. Firstly, trade in sophisticated goods promotes growth, 

whereas trade in unsophisticated goods – except mining products – reduces income. The study 

estimated the income elasticity of overall trade openness as 0.30, whereas the income elasticity 

of trade in high-tech products is 0.83, which is almost three times that of overall trade. Income 

elasticity of trade in low-tech products and agriculture products are estimated as -0.72 and           

-0.47, respectively. Secondly, the study suggested that specialization is not the only factor 

explaining differences in income effects, but that population pressure and crowding-out effects 

play a role here. The negative income effects of imports of low-tech manufactures and 

agricultural products were significantly larger for imports than they were for exports, implying 

 
31 Chapter 2 has been submitted to the Journal of Economic Growth received an R&R and is currently under revision to 

include the reviewer’s comments. 
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that cheap low-tech imports crowd out the domestic production of low-tech imports, and 

agriculture imports increase negative income effects – possibly by increasing population 

pressure (Galor and Mountford, 2006; Madsen et al., 2020). Thirdly, examining the effects of 

trade openness conditional on the share of each product category in total trade, the study found 

that if the trade in high-tech goods is lowered by one percentage point from the current share 

to increase the share of low-tech (agricultural) goods in total trade by one percentage point, 

then per capita income is reduced by 2.0 per cent (9.6 per cent), thus, encouraging the countries 

to devote more resources towards the high-tech manufacturing sector.  

Chapter 3 examined the transmission mechanism of trade effects on growth at the product 

category level using bilateral trade data from 1996-2015 for 224 countries. The study found 

evidence in favour of our hypothesis that products at different levels of sophistication deliver 

diverse effects on income, as the transmission mechanism is different depending on the product 

type. The main findings of this study are two-fold. Firstly, the study found that only the export 

and import of technologically sophisticated products (THT) can positively influence (1) gross 

enrolment and (2) patents intensity – which are considered the key and enduring sources of 

long-term economic growth – while promoting the import of high-tech products is the only 

driver that promotes physical capital accumulation. On the other hand, the export and import 

of low-tech (TLT) and agriculture products (AG) are found to have negative effects on gross 

enrolment and patent intensity. Secondly, it was found that positive effects of high-tech exports 

are transmitted to growth through innovation and human capital only in high-income 

economies, whereas for low-income economies, paradoxically, these effects are insignificant.  

Chapter 4 examined the income effects of exchange rate depreciation using data from 

1960-2017 for a representative sample of Asian economies. The study found that real 

depreciation has expansionary effects on the output of small open economies. The main 

contribution of this analysis is that it employed a new real effective exchange rate index, which 

is constructed using competitor weights instead of trade partner weights, as can be seen in most 

of the exchange rate related literature. The examination of transmission analysis confirmed that 

innovation which is proxied by patents intensity and investment on physical capital are the 

most sensitive factors of production for real depreciation in the exchange rate.   
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5.2 Policy Implications  

The findings of the studies in this thesis carry some policy implications for developed – 

as well as developing – economies. Chapter 2 and Chapter 3 showed that a country would 

benefit significantly more from trade in high-tech products than it would from low-tech and 

primary agriculture products. Chapter 3 furthermore established that innovation and human 

capital act as main channels to transmit the positive effects of high-tech trade to income. These 

findings lay forward important insights for policy discussion. In order for a country to 

specialize in manufacturing and trade in technologically sophisticated goods, certain basic 

requirements have to be met. The first is to establish good governance, as this provides an 

assurance of law and order in the country. Secondly is the existence and further solidification 

of the investment protection laws, so that the economy can attract more foreign investments 

with embedded foreign knowledge. Thirdly is improving the ease of doing business, as that 

would promote start-ups. And next is establishing a strong regulatory system and political 

leadership, as it would sustain the existing investments while attracting more foreign 

investments due to improved stability and confidence in the business environment. As per 

Nobel laureate Arthur Lewis, no country can make a steady economic progress without a 

positive stimulus from a stable government (United Nations, 2018; OECD, 2010).  

The leap from agriculture and low-tech manufacturing to high-tech manufacturing requires 

much more than merely these basic requirements. The government’s industrial policy and the 

policies on science, technology, and innovation are vital to support the technology sector. 

However, the mere existence of these policies is not adequate, because aligning these policies 

with national strategy is the most important factor in deciding the effectiveness of such policies. 

When it comes to trade, anti-corruption measures and streamlining of the customs procedures 

are matters of paramount importance, because in high-technology trade, the competition is very 

intense, and thus, lead-time matters for sustaining export orders. Furthermore, as per Srholec 

(2007), although domestic technology capability is associated with the country’s export 

performance in high-tech goods, the largest proportion of cross-country differences between 

high-technology product exports resulted from the propensity to import high-technology 

products. Our findings resonate with this argument, as the semi-elasticity of imports of high-

tech products is found to be larger than that of exports. Hence, a country should carefully 

rationalise the tariff and non-tariff barriers on imports to maximise gains from trade. The import 

tariff on high-technology products should be lowered, while managing tariff rates for imports 

of low-technology and primary products more cautiously. In addition, reducing the non-tariff 
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barriers relating to technology imports would provide increased market access to the key inputs 

with embodied foreign technology, which is received for free.  

The next key factor to consider is human capital. Advanced technology in manufacturing 

promotes a highly-skilled workforce due to skill premium, and hence promotes education and 

investment in human capital development. Labour productivity and technology intensity are 

closely related, hence a higher output and a higher value-addition are produced within the high-

tech sector. Building new schools, tertiary education institutions and universities, revising 

curricula to build human capital to match long-term growth objectives and industry demand, 

and attracting global human capital through migration schemes can be considered as policy 

initiatives to sustain and promote the high-tech manufacturing sector by meeting the human 

capital demand of that sector.  

Patents protection also plays a vital role in promoting high-tech goods manufacturing and 

trade. These are three-fold; firstly, patents will provide protection and exclusivity, encouraging 

the inventors to continuously invest in R&D and put the innovative work into practical use. 

Secondly, patents reveal new knowledge through disclosures that come with the patents 

enabling knowledge diffusion. And thirdly, through patents sales and licensing, patents 

promote exploitation and mass commercialisation of new technology, thereby nurturing 

knowledge diffusion. Patents applications and registrations can be promoted by way of 

streamlining the application and registration procedures. In developing economies, the share 

of patents granted is comparatively lower compared to actual innovations in the country, 

because of the lack of professional knowledge and support to secure intellectual assets 

(Kappos, 2019). Due to the complexity of patent granting procedures, most innovators give up 

in the early stage of the process. Some countries, such as Colombia, Morocco, South Africa, 

and the Philippines, – for example, have taken vigorous steps to promote patents applications 

and registrations by way of participating in the Investor Assistance Program (IAP), which is 

led by the World Intellectual Property Organization (WIPO) in cooperation with the World 

Economic Forum to provide inventors with patents experts to provide free legal advice to 

protect their inventions (Kappos, 2019).   

Our trade share analysis estimation showed that a shift from exports in primary/agriculture 

products to high-tech products increase the income per capita. Similarly, if a country reduces 

exports of high-tech by one percentage point to increase agriculture exports by one percentage 

point, the income per capita is reduced by three per cent. Considering the limited resource 

availability, a country can gradually reallocate its limited resources between industries by 
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shifting resources from agriculture/low-tech to high-tech industries to raise the aggregate 

productivity, which is called structural transformation. Many developed countries have 

achieved structural transformation many decades ago, while low-income countries have still 

been in the process of doing so. Low-developed countries still allocate much of their resources 

for the production and exports of commodities. For example, over 75 per cent of the least 

developed African countries’ exports consist of at least 50 per cent commodity exports 

(Adhikari, 2022). Even though it is extremely challenging for low-income economies to move 

out of the commodity trap, it is the way to achieve higher economic growth. Measures like 

utilising export proceeds from the sale of commodities to upgrade technological capabilities 

and human capital development can be considered as strategies to gradually shift towards high-

tech manufacturing and exporting.  

While acknowledging the fact that countries do need to produce agricultural products to 

meet the food demand of the world population, it is suggested to merge food production with 

digital technologies to mitigate the negative income effects of agriculture trade. Use of 

technology in farming, resilient crops developed via the use of biotechnology, fertilising, 

watering, and marketing will increase the productivity of the resources allocated to the 

agriculture sector – especially land usage – and hence, lower the opportunity cost of agriculture 

farming (Viatte, 2001). The technological advancement in the agriculture sector supports 

achieving a more productive and resilient food production system while using scarce resources 

effectively.  

Concluding the policy insights formed from the findings of Chapter 2 and Chapter 3, we 

acknowledge the difference in structural transformation in developed countries, compared to 

developing countries. For the developed countries, it will be easy to accelerate the innovation 

to support further structural transformation, as these economies are already equipped with the 

necessary infrastructure to support high-tech manufacturing. Due to limited innovation 

capability in developing economies, these economies should first orient towards reaping 

maximum returns out of their high-productive sectors, which necessarily may not be the high-

tech industries. Therefore, for these developing economies, high-tech orientation will be a 

gradual process that can be achieved after reaching maximum income effects from previously 

engaged low-technology oriented activities through investing produced earnings to improve 

technology capabilities (Hospers and Benneworth, 2005). Hence, this implies that the way out 

for the developing economies is to first introduce technology for traditional activities such as 

agriculture to increase productivity, thereby negating the negative income effects of 
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agriculture, followed by the allocation of resources to the high-tech sector, thereby gradually 

transforming the economy towards high-tech manufacturing. 

Chapter 4 evinced that real depreciation has expansionary effects on the output of small 

open economies. However, some small open economies’ governments choose to defend the 

exchange rate from depreciating. Devaluations/depreciations have redistribution effects, which 

will shift income away from wage-earners with a high propensity to consume to profit earners 

with a low propensity to consume. This is because devaluation will increase the profits of the 

tradable sector relative to wages (Bird, 2017). This shift will result in many losers and a few 

winners, which is not a popular mechanism for maintaining the popularity of governments 

(Frieden et al., 2000). This argument is supported by the findings of Edwards (1996) that new 

governments allow the currency to depreciate by limiting interventions immediately after the 

appointment to blame predecessors. The second reason for governments to defend the exchange 

rate from depreciating is the holding of a higher level of external public debt.  

However, the main question that arises is whether a country has the ability to defend the 

exchange rate, and how long it can hold the exchange rate against the wind. Primarily, reserve 

adequacy is the main criterion that decides the ability to protect the value of the domestic 

currency and deter exchange rate depreciations. Secondly, the effectiveness of the interest rate 

tool to defend the exchange rate, followed by the capital controls to avoid capital outflows from 

the economy (Leblang, 2003). Most of these measures – apart from the interest rate tool – are 

non-market-oriented and cannot be sustained for a prolonged period of time.  

We can take Sri Lanka as an example. Sri Lanka introduced a floating exchange rate system 

in 2001, allowing the exchange rate to be determined by market forces while limiting the central 

bank’s intervention only to curb undue excessive volatilities in the exchange rate. However, 

Sri Lanka’s de facto exchange rate arrangement has been a crawling-like arrangement for some 

period and then reclassified to a stabilising arrangement in 2020 due to the fact that the 

exchange rate was considerably managed through interventions. Given the market conditions 

that prevailed in Sri Lanka in the post-COVID period, a depreciation in the exchange rate was 

highly warranted. Under those circumstances, the efforts to maintain the exchange rate at a 

desirable level without allowing for the required depreciation came at a higher cost. This led 

Sri Lanka to deal with more external sector instabilities, including official foreign reserves 

drying out to a bizarrely lower level and the exchange rate overshooting soon after the winding-

up of the market intervention in early 2022.  
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Hence, considering Sri Lanka’s experience and our findings in Chapter 4, the following 

general policy recommendations can be suggested. Exchange rate depreciation should be 

allowed when it is warranted by the market forces, as the currency depreciation will promote 

exports and aid in the gradual building up of external reserves. Exports diversification and 

streamlining of the export procedures, along with gradual relaxation of import restrictions and 

reducing/removing tariffs on imported inputs for the export-oriented manufacturing sector, are 

also considered as important policy measures to maximise the benefits from exchange rate 

depreciation. Relaxation of import restrictions and granting tariff concessions for 

manufacturing sector inputs will mitigate the negative effects of depreciation on imported 

inputs. In addition, the findings of Chapter 4 suggest that patents applications are highly 

sensitive to depreciation in the exchange rate. This implies that depreciation of the exchange 

rate promotes more investment in R&D and application for patents registrations. As per Alfaro 

et al. (2020), the firms in emerging Asia have responded positively to the real depreciations, 

with a higher probability to engage in R&D due to faster sales growth which has resulted from 

real depreciations. Hence, promoting measures to increase innovation and improve institutional 

quality are also considered as relevant policy measures.    

The main conclusion stems from this study is that the positive output effects of depreciation 

against competitors are larger than depreciating against trade partners. Based on that 

conclusion, the specific policy implications that can be drawn would be follows; taking Sri 

Lanka for an example, for its key export items such as black-tea-fermented and partly-

fermented (HS 090240 and 090230), garments (lingerie - HS621210, Men’s trousers - HS 

620342, girls' trousers - HS 620462, shirts - HS620520, blouses - HS 620640), solid tyres (HS 

401290) and precious or semi-precious stones (HS 710399), the top 10 close competitors  in 

the world market would be China, Kenya, India, USA, Germany, Belgium, Russia, Indonesia, 

UAE and Hong Kong. Depreciating against the currencies of these close competitors will 

provide an advantage for Sri Lanka in its main export markets such as Europe and the United 

States. As far as the domestic country depreciates against the competitors, the depreciation by 

the competitors to match the trade partner’s exchange rate, will not dampen the domestic 

country’s competitiveness. Similarly applying to the other economies in the sample, this study 

suggests that depreciation against close competitors would provide a comparative advantage at 

export destinations. 

 

 



     

CONCLUSIONS AND POLICY IMPLICATIONS                                              Chapter 5                                            

                            

166 

 

References   

Adhikari, Ratnakar and Tesfachew, Taffere. (2022) Technology is the key to transforming least 

developed countries. Here’s how. : World Economic Forum. 

Alfaro, Laura, Alejandro Cunat, Harald Fadinger and Yanping Liu (2020) The real exchange 

rate, innovation, and productivity. Harvard Business School BGIE Unit Working Paper 

18-044. 

Bird, Graham (2017) An Introduction to International Macroeconomics: A Primer on Theory, 

Policy and Applications. : Bloomsbury Publishing. 

Edwards, Sebastian (1996) The determinants of the choice between fixed and flexible 

exchange-rate regimes. NBER Working Paper 5756 : National Bureau of Economic 

Research Cambridge, Mass., USA. 

Frankel, Jeffrey A and David H Romer (1999) Does trade cause growth? American Economic 

Review 89, 379-399. 

Frieden, Jeffry, Piero Ghezzi and Ernesto Stein (2000) Politics and exchange rates: a cross-

country approach to Latin America. Research Network Working paper R-421, Inter-

American Development Bank. 

Galor, Oded and Andrew Mountford (2006) Trade and the great divergence: the family 

connection. American Economic Review 96, 299-303. 

Hospers, Gert-Jan and Paul Benneworth (2005) What type of regional policy for Europe? 

Theoretical reflections and policy lessons from Sardinia. Intereconomics 40, 336-344. 

IMF, International Monetary Fund- (2018) Annual Report on Exchange Arrangements and 

Exchange Restrictions, 2018. : International Monetary Fund. 

Kappos, David. (2019) 3 ways to improve the patent system and protect inventors. :World 

Economic Forum. https://www.weforum.org/agenda/2019/06/ways-to-improve-the-

patent-system-and-protect-inventors/ 

Lawrence, M (1998) High-tech industries drive global economic activity. National Science 

Foundation 7, 319-322. 

Leblang, David (2003) To devalue or to defend? The political economy of exchange rate 

policy. International Studies Quarterly 47, 533-559. 

Madsen, Jakob B, Md Islam and Xueli Tang (2020) Was the post-1870 fertility transition a key 

contributor to growth in the West in the twentieth century? Journal of Economic 

Growth 25, 431-454. 



     

CONCLUSIONS AND POLICY IMPLICATIONS                                              Chapter 5                                            

                            

167 

 

Mankiw, N Gregory, David Romer and David N Weil (1992) A contribution to the empirics of 

economic growth. The Quarterly Journal of Economics 107, 407-437. 

Nonneman, Walter and Patrick Vanhoudt (1996) A further augmentation of the Solow model 

and the empirics of economic growth for OECD countries. The Quarterly Journal of 

Economics 111, 943-953. 

OECD (2010) Regulatory policy and the road to sustainable growth. : OECD Publishing Paris, 

France. Accessed on April 20,2022. 

Srholec, Martin (2007) High-tech exports from developing countries: A symptom of 

technology spurts or statistical illusion? Review of World Economics 143, 227-255. 

United Nations, Economic and Social Council (2018) Policy issues for science, technology and 

innovation: Leveraging technology and trade for economic development Bangkok: 

United Nations. 

Viatte, Gérard (2001) Adopting technologies for sustainable farming systems: an OECD 

perspective.  Adoption of Technologies for Sustainable Farming Systems Wageningen 

Workshop Proceedings, 14. 

 

 

 

 




