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Abstract 
 
 

Starting with Romer [1987] and Rivera-Batiz-Romer [1991] economists have been able to model 
how trade enhances growth through the creation and import of new varieties. In this framework, 
international trade increases economic output through two channels. First, trade raises productivity 
because producers gain access to new imported varieties. Second, increases in the number of 
varieties drives down the cost of innovation and results in ever more variety creation. Using highly 
disaggregate trade data, e.g. Gabon’s imports of Gambian raw, unshelled, groundnuts, we 
structurally estimate the impact that new imports have had in approximately 4000 markets per 
country. We then move from groundnuts to globalization by building an exact TFP index that 
aggregates these micro gains to obtain an estimate of trade on productivity growth around the 
world. We find that in the typical country in the world, new imported varieties contribute 0.13 
percentage points per year to total factor productivity or 12 percent of their productivity growth. 
Individual country experiences vary substantially, with trade explaining 5 percent of the 
productivity growth in the typical developed country but about a quarter of productivity growth in 
the typical developing country. We also find that the creation of new varieties is correlated with 
R&D activities across countries in ways consistent to semi-endogenous growth models proposed 
by Jones [1995].  
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I. Introduction 

 

Economists have long postulated that trade may raise growth. However, it was not until 

the work of Romer [1987] and Rivera-Batiz and Romer [1991] that we had a general equilibrium 

model that would let us understand how trade might bring this about. While this seminal work 

has spawned the development of the vast endogenous growth literature, it has fallen short of one 

of its main objectives. As Rivera-Batiz and Romer state in their opening paragraph, they did not 

write their article because no one had thought that new traded varieties could foster growth – 

after all, the idea was already widely believed at the time – but rather because “it would be 

difficult for any of us to offer a rigorous model that has been (or even could be) calibrated to 

data.” Seen in this light, the failure of anyone to calibrate or structurally estimate their model (or 

even related models) means that while most economists continue to believe that globalization 

raises growth, we still know precious little about the magnitudes or mechanisms (c.f. Easterly 

and Levine [2001]).  

A major reason for this failure stems from the difficulty of bridging the gap between 

micro and macro evidence on the effects of trade on growth. Trade and development economists 

have estimated rich models of what happens to particular firms and individuals in particular 

cases of liberalization, but it is very hard to generalize from these detailed econometric case 

studies. Empirical macroeconomic studies, by contrast, have tended to use “one regression fits 

all” specifications to examine how globalization affects growth around the world, but their grand 

assumptions leave us with little to say about the precise mechanisms underlying the results. It is 

as if the only way that economists can view the world is through microscopes and telescopes.  

As a result, these two strands of literature try to describe the same processes, but they 

have little influence on each other, and a deep skepticism has developed regarding the robustness 

of the links between trade and growth. For example, in the excellent survey by Hallak and 

Levinsohn [2004], the authors identify three main classes of “basic methodological 

shortcomings” in the cross-country evidence. First, trade policy or openness is typically 

summarized by a one-dimensional index that has little theoretical foundation. Second, there are 

severe omitted variables biases, which lead to results that are not robust (c.f. Sala-i-Martin 

[1997], Rodriguez and Rodrik [2001], Noguer and Siscart [2005, and especially 2006]). Finally, 
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there is so much heterogeneity in economic conditions across countries that it is doubtful that 

there is a unique mapping of trade into growth.  

 The problems in the cross-country growth regressions lead Hallak and Levinsohn [2004] 

to conclude that “more progress might be made by asking ‘smaller’ questions and writing papers 

such as ‘The impact of trade liberalization on groundnut farmers in Senegal and Gambia.’” 

These “micro-econometric studies” constitute a second approach to understanding globalization. 

The enormous advantage of these studies is that they provide rich and compelling econometric 

case studies of particular liberalizations. In the best examples, one can often be extremely precise 

about what exactly is being estimated and how the pieces fit together. The disadvantage is that it 

is very hard to extrapolate from groundnuts to globalization.  

This paper can be thought of as a hybrid approach to understanding how trade affects 

growth. By breaking world trade down into 6-digit bilateral import flows and estimating 

hundreds of structural parameters per country, we are able to build estimates that preserve the 

cross-country and cross-industry richness of the global economy. The estimation strategy we use 

enables us to employ a theoretically justified aggregation structure to understand the gains from 

new varieties for each country. We can use these estimates to account for productivity growth 

predicted by endogenous growth models and thereby can be very precise about the channel 

through which new imported varieties affect growth.  

The first part of the paper focuses on what Rivera-Batiz and Romer call the “level effect,” 

i.e. the productivity gain arising from the import of new and better varieties. These gains are 

predicted by static and dynamic models that have production functions based on the Dixit-

Stiglitz [1977] framework.1 One of the most important stylized facts about economic growth is 

that productivity growth, rather than factor accumulation, accounts for most of the growth 

differentials across countries. Easterly and Levine argue that “in the search for the secrets of 

long-run economic growth, a high priority should go to rigorously defining TFP, empirically 

dissecting it, and identifying the policies and institutions most conducive to its growth”. Our 

paper obeys their injunction by measuring the impact that trade in new and better varieties has 

had on productivity growth in different countries around the world.  

                                                 
1 E.g. Ethier [1982], Aghion and Howitt [1992], Feenstra [1990], Grossman and Helpman [1991], Jones [1995], 
Krugman [1980] and Rivera-Batiz and Romer [1991] 
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We begin our exploration of the data by documenting that a defining characteristic of the 

growth of world trade over the last decade has been the import of new goods as well as existing 

goods from new sources of supply. Analyzing 6-digit bilateral flows over the period 1994-2003, 

we show that had it not been for new variety growth, the share of trade to world GDP would 

have fallen in the typical developing country during this period. This provides evidence that 

trade in new and better products has the potential to contribute to our understanding of 

productivity growth around the world. Moreover we show that there are far more trade flows 

than would be obtained in a world of homogeneous goods. Since countries are importing new 

goods and these goods are differentiated, this implies gains to productivity and welfare along the 

lines predicted by endogenous growth models. 

The next step is to quantify these gains. The starting point for our structural estimation is 

the work of Feenstra and Markusen [1994]. They develop a methodology for measuring the 

impact of new varieties on productivity. The constant elasticity of substitution (CES) 

specification enables us to identify the gains from variety by keeping track of only two factors: 

the elasticity of substitution among different varieties of a good and shifts in expenditure shares 

among new, remaining, and disappearing goods. The main intuition is that increasing the number 

of varieties does not increase productivity much if new varieties are close substitutes to existing 

varieties or if the share of new varieties is small relative to existing ones. We adapt this 

methodology and apply methods developed in Feenstra [1994] and Broda and Weinstein [2006] 

to obtain elasticities of substitution and supply for a large number of sectors in each of 73 

countries. By letting demand and supply parameters vary at the 3-digit Harmonized-System (HS) 

level, we are able to divide each country’s import sectors into about 200 sectors and estimate 

different demand and supply elasticities for varieties defined at the 6-digit HS level.  

To give an example from our data, we allow for 6 different types of groundnut products: 

e.g. shelled raw groundnuts, unshelled raw groundnuts, prepared groundnuts, etc. Data 

limitations force us to treat new imports of some – but not all – groundnut products 

symmetrically (e.g. shelled and unshelled raw groundnuts), but nonetheless we are able to 

structurally estimate four different demand parameters and four different supply parameters in 

the groundnut market per country. These parameters enable us to estimate how new imports of 

unshelled groundnuts affect each economy without making any restrictions that countries value 
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raw groundnuts similarly or that liberalizing raw groundnuts is similar to liberalizing prepared 

groundnuts. 

We then aggregate these estimates of the gains in each sector and in each country to 

construct the contribution from the gains from variety on an exact productivity index. We find 

that the growth in new traded varieties accounts for around 0.2 percentage points per year or 30 

percent of TFP growth in the typical developing country. The impact of trade on growth is 

smaller in developed countries, with variety growth accounting for 0.1 percentage points or 5 

percent of TFP growth.  

In the second part of the paper we examine the “growth effect.” Here we test whether the 

global rise in imported varieties is consistent with the predictions of the main variety-based 

growth and trade models, i.e. exogenous growth, fully-endogenous growth, semi-endogenous 

growth, Schumpeterian growth, monopolistic competition, and continuum of goods trade models. 

While all of these theories, postulate gains from new varieties, they differ substantially in the 

way that they postulate the link between research and development (R&D) and innovation. For 

example, the Romer [1987] model assumes that the growth rate of innovation (i.e. the growth 

rate of TFP) is proportional to R&D, but the Jones [1995] model assumes that the marginal 

benefit of a dollar of R&D falls as the country develops. These theoretical differences, coupled 

with our ability to actually observe the export of new products, enables us to do hypothesis 

testing.  

The cross-country data supports the semi-endogenous growth models. In particular, we 

can distinguish between different types and specifications of endogenous growth models and find 

most support for knowledge-driven semi-endogenous growth models (as in Jones [1995]). We 

reject the hypothesis that increases in traded varieties are solely due to exogenous factors or trade 

liberalization and most of the parameter restrictions suggested by other growth models. We show 

that the scale effect, which is so pervasive in the first generation of endogenous growth models, 

is not present in our data. In short, we provide the first structural estimate of endogenous growth 

mechanism and find that our estimated parameters imply an important role of trade in new 

varieties for growth in the developing world. 
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III. The Growth in World Varieties 

Why are aggregate trade volumes rising? In order to answer this question, it will be 

useful to establish some terminology. We define an imported variety as a 6-digit Harmonized 

System (HS) product category from a particular country. To give an example drawn from our 

data, “raw, shelled groundnuts” is a product category, and “Gambian, raw, shelled groundnuts” is 

a variety. Obviously, counting categories and varieties can be problematic because new varieties 

can appear that are identical to, or systematically lower or higher quality relative to existing ones. 

This is an issue that we will deal with in our econometric section, but it is still useful to have 

some sense of the changes in variety growth in the raw data.  

In Table 1, we present summary statistics for the 73 countries that reported 6-digit HS 

import data using the 1992 classification system in the COMTRADE database for at least 5 years 

between the 1994 and 2003. Most countries have consecutive import and export data from 1994 

to 2003 (see Appendix for years for each country). On average, we have approximately 3 million 

bilateral trade flows per year. As one can see from Table 1, the median number of imported 

product categories in our sample is 4193 in 1994 and had risen to 4265 by 2003.2 This indicates 

that the typical country in the world imports just over four fifths of all of the different types of 

goods (not varieties) traded internationally. This suggests that foreign import competition exists 

in most countries in most markets.  

The change in the number of source countries per category is more striking. The median 

number of varieties imported by a country in our sample rose by 28 percent from 28,664 to 

36,705 over the same time period. In order to assess the implications of this change for each 

importer, we first computed the average number of countries supplying each 6-digit import good 

and then computed the median across importers of these averages. In 1994, the typical country 

imported its goods from on average 7 suppliers. This indicates that only very few of the close to 

200 potential exporters actually supplied a good into the typical importer’s market. Between 

1994 and 2003, however, the average number of suppliers of a good in the typical importer rose 

from 7.0 to just over 9.3, indicating that most countries experienced a substantial increase in the 

number of exporters supplying any given market. This 33 percent increase in the number of 

countries supplying the imports of a good to the typical country in combination with the rise in 

                                                 
2This rise occured despite the fact that several HS categories were retired over this time period, which caused the 
total number of HS categories to fall slightly from 5036 to 4980. 
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total number varieties imported by the typical country, makes a prima facie case that the number 

of varieties entering most countries rose globally.  

Figures 1, 2 and 3 portrays this information graphically for our 73 countries. We plot the 

final number of positive import categories (in logs) against the initial level (in logs) in Figure 1. 

The dashed line corresponds to the 45 degree line which indicates no growth in imported goods. 

Almost all countries experienced an increase in the number of goods imported, and those that 

experienced declines, experienced only modest ones. The data indicate that there is a general 

increase in the number of goods imported. As one can see from the figure, countries that 

imported in a large set of products in 1994 had proportionally less growth in new goods than 

those in the rest of the sample.  

This inverse relationship between growth in new goods and the initial level of goods with 

positive imports suggests two potential limitations of the data. First, even at the 6-digit level, 

most countries import most goods (and some countries import virtually all goods), so the scope 

for identifying variety growth through the new goods dimension is going to be limited. This is 

especially going to be true for large countries that tend to import in virtually all categories. 

Second, the total number of existing product categories is bounded above. Statistical offices 

define goods categories based on the existing set of goods, not future goods. This means that if 

variety growth manifests itself in new goods, new varieties will initially be placed in the same 

categories as existing goods, and we will underestimate variety growth.  

Figure 2 shows that the growth in the number of source countries per good is also larger 

in countries that imported from fewer sources per good in 1994. As one can see from Figure 2, 

virtually all countries in the world shared this common trend of importing from more countries.  

Figure 3 reports the pattern of growth depending on the initial level of varieties. It shows that 

variety growth is positive for almost all countries in our sample. The only outliers in these data 

are countries with some major macroeconomic or political disruption such as Argentina, Central 

African Republic, Malaysia and Uruguay. Moreover, this figure shows that import variety 

growth was a common feature of all countries in the sample during this period, despite the fact 

that some countries could not import in more categories. 

Table 2 documents the pattern of growth in trade for our sample of countries. First, we 

compute the growth rate of imports as a share of GDP for each importer in our sample. The fact 

that world trade has been growing at a faster pace than world GDP has been documented in 
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numerous studies, and this is a feature of our data as well. For the median developed country, the 

ratio of imports to GDP grew 29 percent over our sample period and around 18 percent for the 

median developing country. The novelty of using disaggregate trade data is that we can account 

for how much of this growth was due to the growth in imports of the varieties that were already 

present in 1994 and how much was due to the appearance of new varieties. Interestingly, we find 

that for the typical developing country, had it not been for the new varieties trade as a share of 

GDP would have fallen during this period. This underscores the importance that new and better 

products have in the developing world. For the median developed country, we find that half of 

the growth in imports as a share of GDP comes from the importation of new varieties. 

A similar finding concerns the sources of the growth in imports around the world. We can 

use the following identity to decompose the growth of imports into intensive and extensive 

margins. 
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where Iit be the set of varieties of country i. The first term in parentheses on the right hand side is 

the increase in trade in imported varieties that were available in 1994. This is what we call the 

intensive margin. It is composed of two terms the growth of varieties that were available in 1994 

and 2003 less the varieties that were available in 1994 and ceased to be available. The second 

term represents the extensive margin, or the net growth in imports of new varieties. The results 

of this decomposition are reported in Table 2. 

 Because average growth rates can be heavily influenced by countries with low initial 

import levels, we report median import growth rates and the medians of the constituent growth 

rates in Table 2, The median developed country imported 75 percent more (in nominal terms) in 

2003 relative to 1994, and the median developing country saw imports rise by 63 percent over 

the same time period. The median value of new imported varieties relative to initial imports 

stood at 21 percent for developed countries and 49 percent for developing. Since this is an 

important source of productivity growth in endogenous growth models, the raw data indicates 

that we should expect to see the largest impacts from it in developing countries.  
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 The growth in the number of source countries supplying any good is indicative of a rise 

in the level of global integration: most countries already import 10-ton trucks, but now they do 

so from more sources of supply. To get some sense of how far away the world is from the fully 

integrated equilibrium, we can think of two useful benchmarks. The first is minimal trade 

dispersion. In this benchmark, conditional on a variety being exported, it is imported by only one 

country. The second is maximal trade dispersion: conditional on being exported, a variety is 

imported everywhere. One simple way of measuring how close we are to either extreme is to 

divide the total number of varieties imported by all countries by the total number of varieties that 

would be imported if every exported variety were imported everywhere. Since, by definition, 

every good that is exported must be imported by some country, the ratio of actual varieties 

imported to potential varieties in an industry will range from 1/78 to one. We therefore 

normalized this index as follows so that 0 corresponds to minimal trade dispersion and 1 to 

maximal dispersion: 

(2) # of Imported Varieties 1 78Trade Dispersion *
# of Exported 6-digit Categories*78 78 77

⎛ ⎞
= −⎜ ⎟

⎝ ⎠
 

 We present the results from the trade dispersion index in Table 3. Overall, this index 

grew by almost 20 percent between 1994 and 2003. This suggests that over this 10-year period 

there was a substantial increase in the number of goods available on international markets. Most 

of the growth is coming from the fact that the number of imported varieties worldwide rose 22 

percent over this 10 year period. This indicates that the reason for the rise in imported varieties is 

partially due to new goods becoming available on international markets, but largely due to 

existing varieties being newly imported. 

 Despite this rapid increase in varieties imported even relative to the increase in available 

varieties, our “dispersion index” stood at just above 15 percent in 2003. In other words, 

conditional on a good being exported, only about one in seven of the world’s countries import it. 

This tells us two important facts about globalization. First, there has been a substantial rise in the 

number of countries importing any internationally traded good. Second, we are very far away 

from a world in which an exported good is imported by anything more than a small fraction of 

potential importing countries.  

The growth in these new varieties would have little meaning if imports of the same good 

from different countries are perfect substitutes. One way to confirm whether goods at this level 



9 

of aggregation are indeed differentiated is by testing a simple prediction by Dorfman, Samuelson 

and Solow [1958]. They argued that in a world in which goods are perfectly homogeneous, one 

can model trade as a linear programming problem in which one minimizes trade costs subject to 

the constrain that one must satisfy every country’s net offer of each good. With C countries in 

the world, Dorfman, Samuelson, and Solow show that the solution to any such minimization 

problem will entail no more than C – 1 positive bilateral trade flows for any good. The intuition 

for this result is that if goods are homogeneous and trade costs are positive, countries will not be 

on both sides of the market, i.e. they will not export and import the same good. Thus, the most 

flows will obtain when there is one exporter and C – 1 importers. If there are more exporters of a 

good, then trade between them will be zero and the number of flows will tend to fall or at most 

remain the same.  

The “C – 1” condition provides a simple test for assessing what share of world trade 

could plausibly be modeled as the exchange of homogeneous goods. In order to examine this, we 

analyzed the trade flows for each good in which there exists some trade among the 73 countries 

that reported trade data in 2003. In each of the 5036 categories in which at least one country in 

our sample exported to another country in a 6-digit category, we counted the number of positive 

bilateral trade flows. The frequency distribution is presented in Figure 4. The line in the figure 

separates those sectors satisfying the necessary condition for being a homogeneous good, i.e. 

having 78 or fewer flows. Only 4 percent of the goods at the 6-digit satisfy this condition. This 

suggests that even at the 6-digit level, it would be a mistake to model more than a small fraction 

of world trade as trade in homogeneous goods. However, if the vast majority of trade is in 

differentiated products and imported varieties are rising, then this implies that there may be gains 

from importing new varieties. 

 To sum, our examination of the raw data reveals several important features of 

globalization. First, in most countries, the trade to GDP ratio is rising not because they import 

more of the same varieties, but rather because they import new goods and, in particular, new 

varieties of existing goods. This phenomenon is critical for understanding the growth of trade 

relative to GDP around the world. Second, there appears to be vastly more bilateral flows 

between countries than one would have predicted if all 6-digit goods were homogeneous. This 

implies that countries may have gains from the import of new varieties. How much the increase 

in new varieties matters for global growth is the issue we address in the next section. 
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IV. Empirical Strategy 

A. Theory 

 There are many versions of endogenous growth models that we could use as the basis of 

our estimation. A great many of them (e.g. Aghion and Howitt [1998, chp. 12] and Howitt 

[1999], Grossman and Helpman [1991], Jones [1995], and Rivera-Batiz and Romer (RBR) 

[1991]), however, share the common feature of explaining productivity growth through a rise in 

available varieties (as in Ethier [1982]). Following the literature, we term this the “level effect” 

and will focus our empirical estimation on the class of models that specifies the love of variety 

production functions in terms of a CES function. These models differ in important ways in their 

specification of innovation or the “growth effect”, and we will address these differences in a 

second section3  

 

A.1. The Level Effect 

 We start with a specification of the production technology where there is only one final 

output produced with labor and a set of intermediate or capital goods indexed by g.4 

Technological progress is represented by the creation of designs for the new types of 

intermediate or capital inputs. In particular, let N be the most recently invented design, A be a 

standard productivity parameter and output take the following form 

(3)  

( )1
1 1

1
; 1N

t t gtY AL x

η α
η η

α η η

−
− −⎛ ⎞

= >⎜ ⎟⎜ ⎟
⎝ ⎠
∑  

where α  is the share of labor in output, and η  is the elasticity of substitution between varieties 

of goods.  

In a static setup, the effect that trade has on output can be simply traced by the effect that 

trade has on the number of goods, N, that are used in production. In particular, under standard 

preference and monopolistic competition assumptions (like in Krugman [1980] or Grossman and 

Helpman [1990] and Rivera-Batiz and Romer [1992]), it can be shown that .gt tx x g= ∀  In this 

                                                 
3 These models can also be interpreted to be models of how new ideas (as opposed to varieties of goods) affect 
growth. If these channels are important then the forces identified by these models would be even more important. 
4 Throughout the empirical work we will not distinguish capital from intermediate products 
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case, when two symmetric economies fully integrate, the number of intermediate products jumps 

from N to 2N. This generates a “level effect” as each country’s GDP will increase because each 

enjoys more product variety through trade. It is straightforward to decompose the output change 

into changes in A, N and factors of production. In particular,  

(4)    ( )ln ln ln 1 lnY A L xα αΔ = Δ + Δ + − Δ  

(5)     
( )1

ln ln ln
1

A A N
η α
η
−

Δ = Δ + Δ
−

 

where A  is a composite TFP measure that includes advances in new products and all other 

sources of TFP summarized in A. As is apparent from equation (5), the impact of an increase in 

the number of intermediate or capital goods is larger, the higher is the share of these goods in 

final output (higher (1 – α)), and the less substitutable are new varieties with existing ones 

(higher η). In this simple symmetric world, it can be easily shown that  

( )1
ln ln ln 2

1
Y A

η α
η
−

Δ = Δ =
−

. 

In other words, trade increases GDP as the rise in the number of imported goods increases 

productivity. 

 

A.2. The Growth Effect 

A central component of endogenous growth models is, quite naturally, the innovation 

function, i.e. the technology with which the economy produces new and better products. For 

simplicity, in this section we denote productivity growth as purely coming from changes in the 

number of varieties, N. In the exogenous Solow growth model, the rate of growth of productivity 

is constant and independent of country specific variables. That is,  

(6) A A= Ω . 
where Ω > 0 

The important new idea in R&D-based endogenous growth models is to assume that this 

productivity growth function depends on R&D, R, and other variables. Following Ha and Howitt 

[2005], we can discuss the differences between many endogenous growth models in terms of a 

few parameters underlying the innovation equation. In the first generation of fully endogenous 

models (e.g., Romer [1990] and Aghion and Howitt [1992] and Grossman and Helpman [1991]), 
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A  is assumed to increase in R and A. In this class of models, the innovation equation can be 

written as 

(7) A R Aχ= Ω , 

where 0 < χ ≤ 1.  

Jones [1995] objected to this formulation because, in part, it did not match US data for 

the second half of the 20th century. In order to better fit the data, he modified the innovation 

equation by adding decreasing returns with respect to the existing level of productivity, Ã. In the 

Jones formulation, the innovation equation can be written as 

(8) A R Aχ φ= Ω , 

where φ < 1. His specification generates growth via an endogenous process of R&D in the short 

run but implies an exogenous steady-state growth rate. It is therefore often referred to as a “semi-

endogenous” growth model.  

Finally, concerns about the implication of an exogenous steady-state growth rate 

motivated Aghion and Howitt [1998] to develop the “Schumpeterian model” of growth, which 

restores the endogeneity to the long-run dynamics. There are many possible specifications of this 

model, but one that will prove especially easy to estimate using international data can be written 

as: 

(9) RA A
Y

χ

λ ⎛ ⎞= ⎜ ⎟
⎝ ⎠

 

Here, we retain the assumption of proportionality of A  to Ã in the innovation equation but 

assume innovation per R&D dollar declines with GDP. Aghion and Howitt argue that the 

intuition for this assumption is the increasing difficulty of innovating as one obtains more 

products.   

 Equations (6) through (9) present four distinct ways that one can think about the 

innovation process which can be taken to data. Authors of endogenous growth papers, however,  

often make additional assumptions about labor and capital are combined to generate research and 

development that can also be taken to the data. Following Rivera-Batiz and Romer [1992], two 

broad specifications for R&D are generally considered. The first specification assumes that R&D 

is directly proportional to the share (μ) of labor (L) devoted to R&D, that is R= μL. Since this 

specification uses labor as an input for the R&D process, it is usually referred to as “knowledge-
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driven” (KD). The “lab-equipment”  or “LE” specification, in contrast, assumes a technology for 

R&D that uses the same inputs as the output technology. In this case, R = μY/Ã where Y is GDP. 

The basic distinction between the two R&D specifications is that knowledge-driven formulations 

postulate that only labor is used in the generation of new products, whereas lab-equipment 

formulations assume both labor and capital are required.  

Ha and Howitt show that if we substitute the KD or LE formulas for R&D into the 

innovation equations (7) - (9), we can rewrite our innovation equations using parameter 

restrictions applied to the following general innovation equation: 

(10)   1A k Y F Lα β γ= × × × , 

where 2/3 1/3F L K= ,5 /A Y F= , K is the capital stock, k1 > 0, and α, β, and γ are parameters that 

are specific to each model. The various innovation equations and assumptions of the underlying 

R&D technology imply the restrictions placed on α, β, and γ are described in Table 4. 

Table 4 suggests two approaches to examining the new variety creation process. First, by 

focusing on the innovation equation, we can examine whether new product innovation is 

correlated with R&D expenditures in the forms suggested by the various theories. Since each 

theory postulates different magnitudes of χ and φ, we can conduct hypothesis testing. Second, we 

can push the data further to see whether we can link the innovation rate to the factor supplies in 

as suggested by theory. In particular, only the semi-endogenous model predicts that α should be 

less than unity. Moreover, there are two additional tests that can shed light on the particular 

growth specification that fits the data better. Moreover, the restriction that α β= −  is a 

prediction of the knowledge-driven R&D specification of endogenous growth theory but not the 

lab-equipment version. Finally, by testing whether 0γ >  we can distinguish between fully 

endogenous and semi-endogenous KD models and all remaining models.  

A second important benchmark to consider when thinking about these parameter 

restrictions is the static framework developed in models like those of Dornbusch, Fisher, and 

Samuelson [1977] and Krugman [1980]. In these static models, there is no innovation, but we 

may see changes in the number of goods exported in the comparative statics if trade costs are 

                                                 
5 Regarding the parameters of the production function, we take a standard neoclassical approach. We assume a value 
of the share of capital in output of 1/3, which is the same used by Hall and Jones [1999] and is broadly consistent 
with national income accounts data for developed countries. 
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falling. In these models trade liberalization can cause an increase in the number of imported 

varieties but the predictions are quite stark. In comparative advantage models with a continuum 

of goods, all countries produce all goods in autarky so there is no relationship between size and 

variety. However in both comparative advantage models featuring a continuum of goods and in 

the Krugman model, a fall in transport costs may generate a correlation between the number of 

goods exported and size because larger countries will export more goods. On the other hand, if 

the countries are trading before the trade costs fall, there will not be a relationship in general 

between size and the change in the number of exported goods. The results indicate that while we 

might expect to see a relationship between size and the number of new exports (if trade costs are 

falling), one should not expect to see a relationship between new exports and β and γ. We 

therefore summarize the comparative statics of these models in the lowest row of Table 4. 

 

B. Implementation 

In order to move away from the stylized world presented in section A.1 and closer to the 

empirical specification that we use, we introduce a number of asymmetries in the production 

function. We start by identifying the goods that are produced domestically from those that are 

imported. Without loss of generality, assume that goods 1 to Jt are produced domestically, and 

goods Jt + 1 to tN  are imported. This allows us to trace the effect on GDP of imported and 

domestic goods separately. We can think of [ ]1,gt t tx g J N∀ ∈ + …  as a composite of 

differentiated varieties of a particular imported input. A convenient way to aggregate over 

varieties of each [ ]1,t tg J N∈ + …  is to use a CES function: 

(11)      

1 1

; 1

g

g g

g

gt

gt gvt gvt g
v I

x d x

σ
σ σ
σ

σ

− −

∈

⎛ ⎞
⎜ ⎟= >⎜ ⎟⎜ ⎟
⎝ ⎠
∑  [ ]1,t tg J N∀ ∈ + …   

where gtI is the set of varieties with positive imports in time t, i.e. 0gvtx > . Notice that the 

elasticities of substitution between varieties are allowed to vary across imported goods g. For 

future reference, we define 1g gt gtI I I −= ∩  as the set of varieties that are common over time for 
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good g, 
1

t

t

N

t gt
g J

I I
= +

= ∪  as the set of all available imported varieties in period t, and 1t tI I I −= ∩  as 

the set of the varieties that are common over time for all goods.  

With this structure we can apply the same methodology as in Feenstra and Markusen 

[1994] to decompose output growth into higher quantity of existing inputs and greater range of 

intermediate imported inputs. We begin by assuming that the number of domestic goods is 

unchanged, as in Krugman [1980] and Romer [1990], and focus on the impact of new varieties 

on GDP. Later in this section, we derive the impact that increased GDP has on the number of 

domestically produced intermediate inputs. By using the relationship between output and 

minimum unit-costs, Yt = Et /c(pt,It), where c is the minimum unit cost function of the production 

function tY . Given the assumptions underlying equation (3), we can decompose output changes 

into the contribution of new and existing inputs: 

(12)    
( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

1 0 1 0 1 1 0 0

1 0 1 0 1 1 1 0
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E E c p I c p I c p I c p I

= − ⎡ ⎤⎣ ⎦
= − −⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦

, 

where the last term of equation (12) traces the change in the minimum unit cost function that is 

due to an increase in variety from 0I  to 1I . Following Feenstra [1994] and Broda and Weinstein 

[2006], we show that given equations (3) and (11), the ratio of unit costs in the first line of 

equation (12) takes the following simple expression: 
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 measure the extent of variety in each 

period, and gtw  are Sato-Vartia log-ideal weights: 

(14)  
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Equation (13) states that the exact price index with variety change is equal to the 

“conventional” price index, c(p1,I0)/c(p0,I0) (i.e., the exact price index of the common varieties 
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over time), multiplied by an additional term which captures the role of the new and disappearing 

varieties.6 The last term in equation (13) tells us the gain in the level of GDP that can be directly 

traced to increases in imported variety from ( )0 0N J− to ( )1 1N J− . In terms of the decomposition 

of TFP in (5), the log of the geometric weighted average of λ’s in (13) replaces the simple term 

that includes the change in N, to give the following expression: 

(15) 
1 1

ln ln ln
1

t

t

N
gt gt

g J g gt

w
A A

λ
σ λ= + −

⎛ ⎞
Δ = Δ − ⎜ ⎟⎜ ⎟− ⎝ ⎠

∑ . 

In the next sections, we will describe how to empirically estimate the relevant parameters to 

calculate the share of TFP changes that are due to trade in new varieties. Note that λgt equals the 

fraction of expenditure in time t on the varieties that are available in both periods (i.e., 

( )1g gt gtv I I I −∈ = ∩ ) relative to the entire set of varieties available in period t (i.e., gtv I∈ ). Thus, 

this new term implies that the higher the expenditure share of new varieties, the lower is gtλ , and 

the smaller is the exact price index relative to the conventional price index. In the fully 

symmetric case (i.e., g gσ η= ∀ ), the change in log GDP due to new inputs we would obtain 

from equation (13) is exactly equal to ( )1
ln 2

1
α

η
−
−

, where the 2 reflects the doubling in the 

number of available varieties when identical countries trade freely. It is easy to see that, in this 

case, an increase in the number of varieties leads to a fall in the exact price index and an increase 

in GDP.  

 The Feenstra price index also depends on the good-specific elasticity of substitution, σg. 

As σg grows, the term 1/(σg – 1) approaches zero, and the bias term ( ) ( )1/ 1

1/ g

gt gt

σ
λ λ

−

−  becomes 

unity. That is, when existing varieties are close substitutes to new or disappearing varieties 

changes in variety will not have a large effect on the exact price index. By contrast, when σg is 

close to unity, varieties are not close substitutes, 1/(σg – 1) is high, and therefore new varieties 

are very valuable, and disappearing varieties are very costly.  

 

                                                 
6   All of the index numbers used in this paper suffer from the classic “index number problem”. In particular, results 
are dependent on the base year or years used. Since we are examining long-run changes, we use two base years 1972 
and 1990. 
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V. Econometric Section  

 We rely closely on the methodology derived in Feenstra [1994] as extended by Broda and 

Weinstein [2006] to estimate elasticities of substitution between varieties of imported goods. As 

opposed to in the previous section, we now index each variable with a country subscript i to 

emphasize that elasticities are estimated separately for each good and importing country. We 

estimate the following system of import demand and export supply equations: 

(16) ( )ln 1 lnig ig igk k k
igvt ig igvt igvts pσ εΔ = − − Δ + Δ  

(17) ln ln
1

ig ig igk k kig
igvt igvt igvt

ig

p s
ω

δ
ω

Δ = Δ + Δ
+

 

where ig

ig

k
igvt igvt igk tx x xΔ = Δ −Δ  (i.e., differencing across two different varieties of a given i-g pair), 

i denotes the importer country, g a 4-digit good, and v (for variety) a particular variety of good g, 

and igvt igvt igvts p x= . igvtε  are taste or quality shocks to variety v of good g in country i and igvtδ are 

shocks to the supply of the same variety.  

Equation (16) can be thought of as the optimal demand for intermediate varieties of good 

g derived from a CES final good production function, and (17) is the supply of that variety 

expressed in terms of shares. In particular, the inverse elasticity of supply is given by igω which 

is allowed to be different from zero but restricted to be the same for all varieties within an i-g 

pair. More importantly for the identification strategy is our assumption 

that ( ) 0ig igk k
igvt igvtE ε δΔ Δ = . That is, once good-time specific effects are controlled for, demand 

and supply errors at the variety level are assumed to be uncorrelated. 

To derive the key moment conditions that will be used for identification, it is convenient 

to multiply (16) and (17) together to take advantage of the independence condition of errors: 

(18) ( ) ( ) ( )2 2

1 2ln ln ln lnig ig ig igk k k k
igvt i igvt i igvt igvt igvtp s p s uθ θΔ = Δ + Δ Δ +  
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 cannot be consistently estimated from (15) as the error term, igvtμ  , is correlated 

with the regressands that depend on prices and expenditure shares. However, it is still possible to 
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obtain consistency by exploiting the panel nature of the dataset combined with the assumption 

that demand and supply elasticities are constant over varieties of the same good. In particular, we 

can define a set of moment conditions for each good g and each importing country i, by using the 

independence of the unobserved demand and supply disturbances for each variety over time, i.e 

(19)    ( )( )( ) 0 ,  and .v ig t igvt igG E u v g iβ β= = ∀  

For each good g and importer i, all the moment conditions that enter the GMM objective 

function can be stacked and combined to obtain Hansen’s [1982) estimator:  

(20)   ( ) ( )* *
ig ig

ˆ arg min G β G β  and .
ig

ig B
W g i

β
β

∈

′= ∀  

where ( )*
igG β  is the sample analog of ( )v igG β  stacked over all varieties v of a good g, W is a 

positive definite weighting matrix to be defined below, and B is the set of economically feasible 

parameters igβ , which is common across importers and goods (i.e. 1and 0 ,ig ig i gσ ω> > ∀ ). We 

follow Broda and Weinstein [2006] in the way we implement this optimization. We first estimate 

the “between” version of (18) to obtain estimates of θi1 and θi2 and then solve for βig as in 

Feenstra [1994]. If this produces imaginary estimates or estimates of the wrong sign we use a 

grid search of β s over the space defined by B. In particular, we evaluate the GMM objective 

function for values of 1igσ > at intervals that are approximately 5 percent apart.7  

The problem of measurement error in unit values motivates our weighting scheme. In 

particular, there is good reason to believe that unit values calculated based on large volumes are 

much better measured than those based on small volumes of imports. In the appendix of Broda 

and Weinstein [2006], they show that this requires us to add one additional term inversely related 

to the quantity of imports from the country and weight the data so that the variances are more 

sensitive to price movements based on large shipments than small ones. The use of the between 

                                                 
7   For computational easiness, we performed the grid search over values of and ig igσ ρ where igρ  is related to igω  

in the following way:
( )1 1

ig
ig

ig ig

ρ
ω

σ ρ
=

− −
. The objective function was evaluated at values for [ ]1.05,131.5igσ ∈  at 

intervals that are 5 percent apart, and for [ ]0.01,1igρ ∈  at intervals 0.01 apart. Only combinations of  and ig igσ ρ that 

imply 1 and 0ig igσ ω> >  are used. To ensure we used a sufficiently tight grid, we cross-checked these grid-
searched parameters with estimates obtained by non-linear least squares as well as those obtained through Feenstra’s 
original methodology. Using our grid spacing, the difference between the parameters estimated using Feenstra’s 
methodology and ours differed only by a few percent for those σig and ωig  for which we could apply Feenstra’s 
“between” approach. 
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estimate coupled with our need to estimate σig, ωig, and a constant means that we need data from 

at least three exporting countries for each importer in each good and at least three two time 

differences to identify β.  

 

VI. Results  

 We begin by characterizing the growth in world varieties in terms of our key parameters. 

One of the problems that we face is the shear number of goods and countries in our dataset. With 

73 countries and most countries reporting close to 200 3-digit HS sectors, we constructed 

approximately 13,000 lambda ratios and estimated an equal number of elasticities of substitution. 

It is obviously impossible to report all of these and far too much to hope that there won’t be 

some outliers. One approach to assessing the reasonableness of these estimates is to compare 

them with existing estimates and our priors. 

 Broda and Weinstein [2006] used the same methodology to estimate elasticities at various 

levels of aggregation. Our study differs from that one not only in scope but also in the fact that 

we have moved from 10-digit to 6-digit data. The first question we have is how much is lost 

from this switch. Since the US is one of our 73 countries, we can compare the estimates of Broda 

and Weinstein [2006] with the ones we obtain here. Unfortunately, we cannot do this precisely 

because the earlier study computed sigmas and lambdas for the years 1990-2001 while we are 

using the years 1994 to 2003. Even so, our median sigma for the US is 2.3 as compared with the 

3-digit median of 2.5 obtained in Broda and Weinstein. The closeness of these estimates 

indicates that the switch in time periods and the higher degree of aggregation is not producing 

major movements in the typical parameter estimates for the US.  

 Given that our data set incorporates countries with varying degrees of development, it is 

reasonable to worry about whether our methodology works for the typical country. In order to 

provide a sense of the distribution of elasticities of substitution, we computed the average and 

median values of each parameter for each country and then compute the distribution of these 

parameters across countries. The typical country has a median sigma of 3.4, significantly larger 

than that of the United States. Average sigmas tend to be higher than medians because the 

sigmas are bounded below by 1. After sorting countries by their average sigma, we find that the 

typical country has an average sigma of 6.8, while the US has an average sigma of 4.2, 

suggesting that on average the US tends to value variety somewhat more than the typical country. 
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Another way of looking at the results is to focus on the results for the sub-samples of developed 

and developing countries. The bottom of Table 5 reveals that the median elasticity of substitution 

does not vary by the level of development. This indicates that there is no strong relationship 

between income per capita and the elasticity of substitution across countries. Not surprisingly, 

there are some outliers. The United States and Greece have somewhat low sigmas and Sweden 

and Canada have high sigmas. Overall the median elasticity of substitution shows a fair bit of 

dispersion, with the minimum median elasticity being 2.3, while the maximum is almost twice as 

large. 

 This, of course, raises the question of whether our elasticity estimates themselves are 

sensible. One approach to assessing their “reasonableness” is by comparing them with our priors. 

One might suspect that varieties of goods traded on organized exchanges are more substitutable 

than those that are not. For example, natural gas exported by different countries is likely to be 

more similar than telecommunications equipment emanating from different suppliers. Rauch 

[1999] classifies all 4-digit SITC product categories in 3 groups: those sold in organized 

exchanges, those that have a reference price in the US and the rest. Broadly speaking, the 

classification helps distinguishing between products that are commodities and those that are 

differentiated. We obtain concordances between 3-digit HS codes and 4-digit SITC codes to 

group our estimates of elasticities of substitution into the groups distinguished by Rauch. Table 6 

shows median and mean according to these different groups. In all cases, we can strongly reject 

the hypothesis that the median or mean for the group of commodity products is lower than that 

for the other two groups. In particular, the average elasticity is 12.1 for commodities while it is 

around 7.2 for the rest of the products. Thus, our elasticity estimates seem to be plausible by this 

criterion. 

Our estimates of the gains from new varieties depend on two factors: how differentiated 

varieties are and the importance of new imported varieties. While the elasticity estimates give us 

information about the former, the lambda ratios provide information about the importance of net 

variety creation in any given market. If we sort countries by the median lambda ratio in each of 

their import sectors, we find that the median lambda ratio in the typical country is 0.93. This 

suggests that the typical country experienced a net increase in varieties (creation less destruction) 

of 7.1 percent over 10 years in the typical sector or about 0.7 percent per year.  
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There is, of course, substantial variation in median lambdas ratios across countries, as one 

can see in the last column of Table 5. Some countries have seen the effective number of varieties 

in their typical import sector almost double. However, there is an unmistakable pattern in the 

data. All but 3 countries experienced an increase in variety in the typical industry, indicating that 

the increase in varieties is a global phenomenon. The only countries that experienced a fall in 

variety in the typical industry (median lambda ratio higher than 1) were Argentina, Sri Lanka and 

Uruguay. The experiences of Argentina and Uruguay may reflect major economic crisis that 

rocked these countries in 2002 and 2003, respectively, while Sri Lanka’s experience may be 

related to its civil war. On the other hand, several countries that liberalized extensively over this 

period, such as Poland and India, experienced fairly substantial declines in their median lambda 

ratios, indicating that the variety of imports in their representative industries rose substantially. 

Similarly, some of the EU countries in our sample had lower lambda ratios than the median 

indicating fairly substantial gains in variety. Whether these results reflect the impact of the 

European trade liberalization, the Polish opening to international trade, and Indian liberalization 

is difficult to say because we do not know what liberalizations occurred in countries without 

substantial drops in their lambda ratios, but the results are clearly suggestive of such a link. 

Using the lambda ratios and elasticities of substitution for each good in each country we 

obtain an estimate of the productivity gains from new varieties (see equation (15)). The 

distribution of the TFP gains calculated on a per-year basis is reported in Table 5. The growth in 

new varieties over the period 1994-2003 increased productivity by 0.13 percent per year for the 

typical country in our sample. Some developed countries, like Australia, Denmark, Ireland, New 

Zealand, Spain, The Netherlands, The United Kingdom also benefited substantially, but most of 

the productivity growth in many of the largest countries cannot be accounted for by new imports. 

Some of this may be due to insufficient aggregation. Large economies typically import most 

goods at the 6-digit level and hence we cannot measure the gains from many new varieties which 

appear in categories in which the country already imports. Indeed, the US, which has the second 

smallest gain among developed countries from imported variety in the 6-digit data, had a gain 

that was 3 times larger when Broda and Weinstein [2006] computed the same value using10-

digit data for the period 1990-2001. Almost surely, most of this difference is due to the fact that 

there are only about one third as many 6-digit categories as 10-digit categories. Indeed, if we 

drop the ten largest countries in the world (as measured by GDP), the median country’s 
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productivity gain due to new imported varieties rises from 0.13 to 0.15 and the median for 

developed rises by over 30 percent to 0.11. This suggests that we may have a significant 

downward bias in our estimates of the gains from new varieties for large countries.  

The average and median impacts of new varieties on productivity growth are presented 

on the first two rows of Table 7. On average, new imported varieties raised productivity growth 

by 0.27 percent per year and the median impact was 0.13 percent per year. These numbers are 

both significantly different from zero. If we restrict ourselves to the sample of countries for 

which we can compute TFP from the Penn World Tables v. 6.1 data, we find that productivity 

gains from new imported varieties are 15 percent as large as the average country’s per capita 

growth rate or TFP growth rate and 12 percent the size of  the median value. This indicates that 

while there is are other important factors that determine TFP growth, the import of new varieties 

has a substantial impact.  

As one might have expected in a diverse sample of countries, there is a lot of variance in 

individual country experiences. The median developed country’s productivity growth was about 

2 percent per year, but the median contribution of imported variety growth to productivity was 

only 0.1 percent per year, suggesting that for the typical developed country, new imported 

varieties are only a small part of the story behind their productivity growth. The impact of new 

varieties on developing countries is substantially higher. The typical developing country saw its 

productivity rise by 0.13 to 0.17 percent per year (depending on the sample) due to new imported 

varieties. If we use the sample of countries that also appear in the Penn World Tables, we find 

that the median developing country’s productivity gain due to new imported varieties is 22 

percent as large as the typical developing country’s productivity growth. This suggests that new 

variety growth can account for about a quarter of developing country productivity growth over 

this time period. Indeed the correlation between TFP growth and our measure of productivity 

gains due to new varieties is a statistically significant 0.3, indicating a positive association 

between these two variables. Obviously, there are many forces other than new imported varieties 

that affect TFP growth, but our estimates suggest that the gains from this channel are not 

negligible. 

To sum, the results in Table 7 indicate that the import of new varieties is a major channel 

through which productivity grows in developing countries.  Productivity for the typical country 

in our sample grew by 0.1. 



23 

 

VII. Why are varieties rising? The Growth Effect 

Thus far, we have been concerned with documenting that the import of new varieties is 

growing, that varieties are differentiated, and that this process has been exerting a non-trivial 

effect on productivity growth in developing countries. However, we have not examined the 

reason for the increase in varieties. For example, if all that is happening in our dataset is trade 

liberalization in developing countries, one might expect this process to taper off once barriers 

have fallen sufficiently. By contrast, in endogenous growth models, this is part of an ongoing 

innovation process that will not end. It is therefore reasonable to ask whether the data can say 

anything about what forces appear to be driving the growth in imported varieties. 

In order to examine the validity of the assumptions of the different growth models at the 

aggregate level, we need to obtain a good measure of the change in varieties.8 Ideally, we would 

have counts of all new varieties produced in a country. Unfortunately, we have no information 

about the number of non-traded varieties produced in any of our countries. However, if we make 

some reasonable assumptions, we can identify associations between observables and new 

exported varieties. There are two polar ways to link country observables with new exported 

varieties. One is to assume that all new products are exportable. In this case, the relevant amount 

of R&D is the national value, and we can specify the right-hand side of equations (7) through 

(10) as they are written. A second approach is to assume that the amount of R&D in the tradable 

goods sector is equal to the fraction of the economy that is devoted to exports. In this case, the 

share of new varieties that are exported is proportional to the share of exports in the economy 

and we should replace R&D in equations (7) and (8) with R&D divided by exports as a share of 

GDP. Similarly, we should replace each of the right-hand side variables in equation (10) with the 

variable multiplied by the export share of the country. 

 A second problem that we face implementing our test is that some countries in our 

sample export virtually every 6-digit good. Figure 5 plots the number of sectors with no exports 

against the level of exports in 1994. Clearly, the largest exporters already export in almost every 

product category and cannot substantially increase the number of new goods they export. For 

example, the US and Germany had positive exports in all but a couple of the 5036 possible 

                                                 
8 There is, however, a vast literature on the determinants of innovation at the firm level (see Klette and Kortum 
(2004) for a summary of the stylized facts of innovation at the firm level)  
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sectors. This means that it is almost impossible for us to measure the value of innovation in these 

economies.  

Presumably, the reason why we cannot measure new variety creation in the US is not 

because the possibility of innovation ended in 1994, but rather because we cannot measure the 

creation of a new good if it gets classified in a sector in which the US already exports. For 

example, many new technologies such as LCD monitors or laptop computers did not warrant 

their own categories at the start of our sample, but constitute new products nonetheless. We can 

get around this problem if we assume that innovation is equally likely to occur in any of the 

sectors, but that we can only measure innovation in a sector when a country is not exporting in a 

sector initially. In this case, for a common rate of innovation, we would expect to count more 

new exports emanating from a country that is exporting in very few sectors initially than in one 

that is exporting in a lot of sectors. At the extremes, we would be able to observe every 

innovation in a country with no initial exports and no innovation in a country that exports in 

every category. In statistical terms, we can think of the number of sectors with no exports 

initially as the “exposure” of the country, i.e. how many possible times we can measure new 

goods. 

Theory dictates that we should measure A  in equation (10) by the count of new exported 

varieties in a country over the sample period. This implies that we can estimate equation (10) 

using a negative binomial regression model.9 The structural interpretation of the offset term in 

the negative binomial is that it corresponds to the differences in R&D quality in our sample of 

countries. Formally, we assume that variation in the quality of an R&D dollar spent in different 

countries can be modeled as a random effect, μi. It turns out that it is useful to define a variable, 

κi, as the the right-hand side whatever innovation equation we are estimating. For example, if we 

were estimating equation (10), we would set   
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9 A key assumption in standard Poisson regression models is that the variance of the distribution of counts equals the 
mean. In our sample, we have the common problem of over-dispersion, where the variance is higher than the mean. 
This implies that the negative binomial distribution is more appropriate for our application.  



25 

where we make an adjustment for the exposure, Ei, and a is constant that governs the variance of 

R&D quality.   

Table 8 presents the estimates of equations (7) through (9) using R&D data taken from 

the United Nations Statistical Yearbook [20XX].10 As we saw in Table 4, Simple exogenous 

growth theory predicts the exponent on the technological level to be unity. This is rejected by the 

data, and hence we can dispense with this theory. Our estimates of χ are significantly greater 

than zero but smaller than one, which is predicted by the endogenous growth models but not the 

exogenous growth models. Clearly our data supports the assumption that countries that conduct 

more R&D export more new products. A more interesting result concerns the coefficient on TFP, 

φ. This parameter is insignificantly different from zero: a result that is only predicted by the 

Jones (1995) model of semi-endogenous growth. We estimate the specifications of the 

innovation equation assumed by the Schumpeterian model in columns 2 and 3. R&D and GDP 

come up with the wrong signs when we let them enter separately, and ratio is insignificant when 

we enter the two terms jointly. Taken together, the results indicate that new variety creation rates 

are linked to R&D levels in a manner as suggested by the semi-endogenous growth models but 

not in the form suggested by Schumpeterian models.  

Table 4 presents the implied parameter restrictions arising from assuming that R&D 

requires labor and capital in the ways hypothesized by the knowledge and lab-equipment 

versions of the endogenous growth models. An advantage of making these additional 

assumptions is that we eliminate the need for R&D data and can estimate equation (10) using a 

broader sample of countries. A disadvantage is that there is no guarantee that when we change 

our set of explanatory variables, the data will still indicate the semi-endogenous growth model. 

We therefore can view these results as a separate test of the theory.  

The results from estimating equation (10) are presented in Table 9. The regressions are 

easiest to understand in terms of first distinguishing between the semi-endogenous specifications 

and the remaining ones. With the exception of the semi-endogenous specification, all of the 

remaining growth models postulate that we should obtain an estimate of α equal to unity. As one 

can see in columns 1, 2, 4, and 5, this is rejected by the data. This leaves us with only the 

                                                 
10 Our R&D variable is Gross domestic expenditure on R&D in national currency for 1994. If the country reported 
R&D for a different year, we first estimated the number for 1994 by multiplying the R&D value for the closest 
reporting year by the ratio of GDP’s in the reporting year to the level of GDP in 1994. We then converted the R&D 
values into US dollars using average yearly exchange rates from the IFS.  
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knowledge-driven and lab-equipment versions of semi-endogenous growth theory as 

possibilities. The lab-equipment version of the model imposes a parameter restriction of γ = 0 

whereas the knowledge-driven specification postulates γ > 0. We test these restrictions in the 

fourth and eighth columns of the table. We can reject the restriction that γ equals 0. We therefore 

conclude that the data matches the predictions of the knowledge-driven semi-endogenous growth 

model.  

We can push the data even further, however, by also testing the restriction imposed by 

the knowledge-driven semi-endogenous model, namely that α = –β. The data fails to reject this 

restriction which provides further evidence that it is a good description of the innovation 

technology. This suggests that that the cross-country evidence is consistent with the growth 

effect postulated by the knowledge-driven semi-endogenous growth model, but it is not 

consistent with the exogenous growth model or any of the other endogenous growth models. 

Since we are changing our explanatory variables, there is no reason to believe that the results we 

obtain from estimating equation (10) need be consistent with those obtained by estimating 

equations (7) through (9).The fact that both specifications identify the semi-endogenous growth 

model gives added support for the robustness of our results.  

Finally, we can compare these results to what we might have expected if we were trying 

to explain the data using conventional static trade models and assuming that all that was going on 

in the data was a decline in trade costs. Certain specifications of these models might have 

predicted a positive α, but none of them could give an explanation for a negative β or a positive 

γ. So, while a decline in transport costs may well explain some features of the cross-country 

evidence, the data implies that other forces are also in play. In particular, the evidence suggests 

that the creation of new varieties responds to the main determinants of innovation used in the 

endogenous growth models in ways that are consistent with the semi-endogenous knowledge 

driven specifications.  

 

  

VII. Conclusion  

How much does trade matter for growth? This is not a question that can answered simply 

because trade regimes can vary enormously across countries and their impact may differ 

depending on a host of variables operative in the country carrying out reform. Rather than trying 
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to answer a general, and perhaps not well-specified question, this paper has focused on 

quantifying one of the most important channels through which theorists believe trade affects 

growth. In particular, we estimate the impact that trade in new and better varieties has had on 

growth around the world. This is a central mechanism through which trade affects growth in 

many of the endogenous growth models and has never before been estimated. Moreover, rather 

than comparing aggregate measures of trade across goods or examining particular sectors in 

specific countries, we use a structure rich enough to allow for important differences across 

sectors and countries, but flexible enough to allow for simple aggregation over sectors. This 

enables us to quantify the impact that new imported varieties has had on the global economy.  

Our results indicate that while there is a lot of heterogeneity in the impact of new 

varieties on productivity growth, the typical estimated impact of new imported varieties on TFP 

is 10 percent as large as productivity growth in the typical country and a quarter as large as 

productivity growth in the typical developing country. We view these impacts as evidence that 

globalization is having an important impact on global growth rates.  

Secondly, we provide evidence that the rise in world varieties is consistent with the 

predictions of the semi-endogenous knowledge driven growth model, and is not consistent with 

exogenous growth models or the comparative statics of continuum of goods or monopolistic 

competition trade models. This indicates that not only do new varieties have substantial impacts 

on world productivity, but R&D is associated with increases in exported varieties in the way 

assumed by the theory. 

Nevertheless, we need to mention several limitations of our approach. First, although our 

modeling of economic structure in any individual market is vastly richer than what finds in the 

typical macroeconomic analysis, it falls short of the careful empirical studies that can be 

produced using micro data. For any of the 200,000 markets that we consider in this paper, one 

could easily imagine more careful analyses of exactly how varieties affect welfare than the 

simple market structure we impose. Our decision not to take more care to model each of these 

sectors stems involves a trade-off of feasibility versus efficiency. No doubt more can be said 

about the export supply of Gambian raw, groundnuts than what we have produced in this paper, 

but we feel that the time necessary to do the careful analyses of markets and produce an estimate 

of the impact of trade on growth for more than a handful of countries makes this approach 

impractical for now.  
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Second, our close attention to the theory is both a strength and a weakness of this paper. 

Endogenous growth models themselves employ highly stylized descriptions of consumption, 

production, and innovation that do not have firm foundations in microeconomic studies of 

consumer behavior or innovation. Leading macroeconomists have called for taking their models 

seriously and apply them to data, and we have tried to do so. However, one can have legitimate 

concerns about the underlying assumptions of the models themselves. In the future one can 

imagine developing richer models that better describe reality and better empirical methods that 

can take these models to the data. Nevertheless, we feel that much is learned by taking state of 

the art models to the data, and seeing how well they describe reality. We hope that is what we 

have accomplished here.  
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Figure 1 

Growth in the Number of Goods Imported  
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Figure 2 

Growth in the Number of Source Countries per Good 
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Figure 3 

Growth in the Number of Imported Varieties 
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Figure 4 

Frequency Distribution of the Number of Bilateral Trade Flows for Each Good 

0
5.

0e
-0

4
.0

01
.0

01
5

D
en

si
ty

78 425 1000 2000 3726 6162
Number of Bilateral Flows per Good

Max n. of bilateral flow for homogeneous product: 78

 



34 

Figure 5 

Number of Sectors with No Exports vs Size          
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Median Min Max
First Year 1994 1994 1994
Number of Imported 6-digit Product Categories 4348 1297 5016
Average Number of Source Countries Per 6-digit 7.1 1.8 22.9
Number of Imported Varieties 32187 2281 113461

Final Year 2003 2003 2003
Number of Imported 6-digit Product Categories 4334 968 4960
Average Number of Source Countries Per 6-digit 9.8 1.7 26.8
Number of Imported Varieties 44484 1638 129420

Note: The 73 sampled countries are listed in the appendix table. 

Table 1: Sample Statistics



Developed Countries Developing Countries
Number of Countries 22 51

Median Growth in Trade/GDP 29.0% 16.2%
Median Growth in TradeCommon/GDP 15.0% -16.4%

Median Growth in Imports 75.1% 62.5%
   Median Growth inCommon Varieties 58.2% 36.9%
   Median Growth inNew Varieties 21.4% 47.7%
   Median Growth inDisappearing Varieties -6.0% -18.7%

Median Yearly Decay Rate of Common 
Varieties as a Share of Total Imports 0.7% 2.3%

10-year Decay Rate 6.6% 20.6%
20-year Decay Rate 12.8% 46.9%

Developed Countries are Australia, Austria, Canada, Denmark, Finland, France, Germany, Iceland, 
Ireland, Italy,  Japan, Rep. of Korea, Mexico, Netherlands,  New Zealand, Norway, Portugal,  Spain, 
Sweden, Switzerland, United Kingdom, and the USA

Table 2: Decomposing World Trade Growth in the 1994-2003



1994 2003 Growth Rate
Total Imported Varieties 2,264,396 2,739,784 21%
Total Available Varieties 14,964,192 15,418,152 3%

Index of Trade Dispersion 0.140 0.167 19%

Table 3: World Growth in Varieties



α β γ
− Solow 1 -1 0

Fully Endogenous 1 -1 χ

Semi-Endogenous φ −φ χ

Schumpeterian 1 -1 0

Fully Endogenous 1 χ− 1 0

Semi-Endogenous φ χ−φ 0

Schumpeterian 1 χ− 1 −χ

0 or 1 0 0

Note: 

−
Dornbusch, Fisher, Samuelson [1977] or 

Krugman [1980] with Trade 
Liberalization

Table 4: Technology Underlying Productivity Growth in Growth Models

Lab Equipment   (R 
= μ Y/Ã )

Knowledge Driven 
(R = μ L )

Model Innovation EquationR&D Technology

R&D Technology

0 1,  and 1.χ φ< ≤ <

1
2 / 3 1/ 3where 

A k Y F L

F L K

α β γ= × × ×

=

0 or A A Y= =

( / )A R Y Aχλ=

A R Aχ= Ω

A R Aχ φ= Ω

( / )A R Y Aχλ=

A R Aχ= Ω

A R Aχ φ= Ω

A A= Ω



Rank in GDP 
per capita Country Name

Median 
Sigma

St Error 
(Median 
Sigma)

Median Lambda 
Ratio

Per-year 
Productivity Gain 

(in percent)
1 Switzerland 3.8 0.15 0.965 0.053
2 Japan 2.8 0.18 0.977 0.024
3 Denmark 3.5 0.17 0.944 0.151
4 Norway 3.0 0.13 0.959 0.059
5 Germany 3.9 0.22 0.951 0.054
6 Austria 4.0 0.19 0.985 0.002
7 USA 2.3 0.13 0.984 0.024
8 Sweden 5.0 0.37 0.963 -0.047
9 France 3.7 0.21 0.904 0.094

10 Netherlands 3.3 0.19 0.877 0.534
11 Iceland 3.0 0.14 0.928 0.207
12 Finland 3.1 0.15 0.966 0.016
13 Hong Kong 4.2 0.24 0.991 0.131
14 Australia 2.5 0.10 0.978 0.133
15 Canada 5.0 0.42 0.977 0.057
16 United Kingdom 2.4 0.09 0.946 0.199
17 Italy 3.7 0.21 0.933 0.069
18 Ireland 3.8 0.16 0.946 0.228
19 Macau 4.3 0.44 0.984 0.076
20 New Zealand 3.2 0.21 0.963 0.130
21 Spain 2.8 0.14 0.945 0.136
22 Rep. of Korea 3.0 0.13 0.969 0.097
23 Cyprus 2.8 0.06 0.936 0.377
24 Greece 2.6 0.11 0.920 0.059
25 Portugal 3.4 0.15 0.956 0.066
26 Slovenia 3.7 0.21 0.924 -0.063
27 Saudi Arabia 2.9 0.11 0.942 0.094
28 Argentina 3.4 0.16 1.062 -0.012
29 Uruguay 3.4 0.19 1.006 0.244
30 Oman 3.9 0.18 0.504 1.163
31 Saint Kitts and Nevis 3.0 0.19 0.879 0.864
32 Gabon 3.3 0.18 0.930 0.958
33 Brazil 2.9 0.16 0.948 -0.007
34 Hungary 4.6 0.28 0.907 0.072
35 Chile 2.9 0.11 0.958 0.133
36 Malaysia 2.5 0.14 0.978 0.123
37 Croatia 5.0 0.37 0.886 0.286
38 Venezuela 3.3 0.17 0.916 0.118
39 Slovakia 4.0 0.23 0.903 0.374
40 Mexico 3.1 0.22 0.985 0.030
41 Mauritius 2.8 0.13 0.930 0.453
42 Belize 3.8 0.23 0.866 0.898
43 Poland 4.3 0.24 0.862 0.055
44 Dominica 3.1 0.12 0.877 0.897
45 Grenada 2.8 0.16 0.872 0.930
46 Thailand 2.9 0.20 0.945 0.167
47 Turkey 3.4 0.19 0.898 0.152
48 Saint Vincent 3.3 0.24 0.889 1.372
49 Colombia 2.9 0.18 0.963 -0.196
50 TFYR of Macedonia 3.3 0.21 0.800 0.618
51 Peru 3.1 0.16 0.943 0.151
52 Tunisia 3.2 0.16 0.936 0.339
53 Lithuania 3.8 0.23 0.627 0.582
54 Latvia 3.4 0.20 0.738 0.256
55 Ecuador 3.5 0.21 0.843 0.184
56 El Salvador 3.3 0.17 0.850 0.500
57 Jordan 3.1 0.14 0.925 0.441
58 Algeria 3.6 0.14 0.828 0.176
59 Romania 5.5 0.56 0.887 -0.061
60 Guatemala 3.3 0.19 0.907 0.072
61 Morocco 3.4 0.14 0.890 0.175
62 Egypt 3.7 0.22 0.975 -0.036
63 Indonesia 2.9 0.12 0.939 0.074
64 Bolivia 2.8 0.16 0.914 0.135
65 Sri Lanka 4.6 0.42 1.031 -0.216
66 Honduras 4.8 0.35 0.868 0.127
67 China 3.4 0.15 0.969 0.028
68 Nicaragua 3.9 0.37 0.877 0.889
69 India 3.7 0.21 0.858 0.097
70 Central African Rep. 3.7 0.49 0.990 0.367
71 Togo 3.1 0.20 0.826 0.350
72 Madagascar 3.6 0.27 0.722 0.869
73 Malawi 3.7 0.23 0.680 1.333

Median Country World 3.4 0.19 0.93 0.13
Median Developed 3.3 0.17 0.96 0.08
Median Developing 3.3 0.19 0.91 0.18

Note: Developed Countries are defined in the notes to table 2. 

Table 5: Impact on Exact Import Price Index for 79 Countries 1994-2003



Commodity Reference Priced Differentiated

Mean across countries 12.1 7.3 7.2
Nobs 4139 7998
Test if different than Commodity 0.000 0.000
(p-value)

Median across countries 3.8 3.0 3.3
Standard Error 4139 7998
Test if different than Commodity 0.000 0.000
(p-value)

1994-2003 (3-digit goods, 6 digit varieties)

Table 6: Estimated Sigmas and Rauch Classification

Rauch's classification of goods:



Per-year Productivity 
Gains due to Expanded 

Imported Varieties 

Per Capita 
GDP Growth 

Rates
(1) as a 

share of (2)

Per-year Productivity 
Gains due to Expanded 

Imported Varieties 
TFP Growth 

Rates 
(4) as a 

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

Average 0.27 1.8 15 0.20 1.3 15
(0.04) (0.5) (0.03) (0.2)

Median 0.13 1.7 8 0.13 1.1 12
(0.02) (0.2) (0.02) (0.3)

Average 0.12 2.1 6 0.11 2.0 5
(0.01) (0.1) (0.01) (0.2)

Median 0.08 1.9 4 0.09 2.0 5
(0.02) (0.2) (0.02) (0.3)

Average 0.39 1.7 23 0.25 0.8 32
(0.05) (0.6) (0.05) (0.2)

Median 0.17 1.4 12 0.13 0.6 22
(0.06) (0.4) (0.04) (0.3)

Notes: All variables are expressed in percentages. Developed Countries are defined in the notes to table 2. 

Table 7: World TFP Accounting

All Countries in Sample (N = 53)

Developed Countries  (N = 19)

Developing Countries (N = 34)

All Countries in Sample (N = 73)

Developed Countries  (N = 22)

Developing Countries (N = 51)



Model Exogenous 
Growth

Endogenous 
Growth

Endogenous 
Growth

Schumpeterian 
Growth

Schumpeterian 
Growth

Schumpeterian 
Growth

ln(R&D) 0.064 -0.008
[0.019] [0.017]

ln(R&D * Export Share) 0.060 -0.02
[0.019] [0.017]

A 0.563 0.039 -0.041 0.109 -0.136 0.195
[0.158] [0.150] [0.157] [0.165] [0.102] [0.101]

ln(R&D / GDP) -0.003
[0.028]

ln(Exports) 0.267
[0.031]

ln(GDP) 0.244
[0.030]

Constant -3.757 -2.341 -2.148 -1.443 -5.977 -6.352
[0.761] [0.776] [0.769] [0.809] [0.638] [0.681]

Tests of Restrictions
Coefficient of ln(A)  = 1 Fail Fail* Fail* Fail Fail Fail
Coefficient of ln(A)  < 1 − Pass Pass − − −
0 < χ ≤ 1 − Pass Pass Fail Fail Fail

Observations 58 48 48 48 48 48
Pseudo-R2 0.01 0.01 0.02 0 0.09 0.09

Dependant variable: Count of New Varieties

Table 8: Negative Binomial Regressions



Specification:
LE Fully 
Endog.

LE 
Schumpeter

KD Semi-
Endogenous 

Growth
LE Fully 
Endog.

LE 
Schumpeter

KD Semi-
Endogenous 

Growth

ln(GDP) 0.696 0.439 0.381 0.315
[0.090] [0.180] [0.103] [0.196]

ln(A) 0.9 0.579
[0.097] [0.102]

ln(LK) -0.421 0.158 -0.113 0.04
[0.092] [0.363] [0.113] [0.405]

ln(L) -0.335 0.275 -0.093 0.277
[0.202] [0.027] [0.234] [0.029]

Constant -8.2 -8.45 -7.826 -7.805 -7.858 -7.553
[0.560] [0.565] [0.572] [0.605] [0.619] [0.602]

Tests of Restrictions
α  = 1 Fail Fail Fail Fail
γ  ≠ 0 Fail Pass Fail Pass
α = − β Pass Pass

Observations 58 58 58 58 58 58
Pseudo-R2 0.10 0.10 0.09 0.09 0.09 0.08
Standard errors in brackets

Unscaled All RHS variables but A scaled by 
Exports/GDP before taking logs

Table 9: Negative Binomial Regressions

Dependant variable: Count of New Varieties


