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Standards of living between the richest and poorest countries differ by more than a factor of 
30. A large literature has evolved that attempts to explain this fact within the context of a standard 
(closed-economy) neoclassical growth model. The consensus is that physical and human capital 
accounts for only 50 percent of the variation in income per worker; the rest is productivity differ-
ences. Given this finding, a growing literature has attempted to understand how various frictions 
result in large differences in measured productivity across countries.

In this paper, I develop a novel view of the frictions to trade between rich and poor countries by 
arguing that to reconcile bilateral trade volumes and price data within a standard gravity model, 
the trade frictions between rich and poor countries must be systematically asymmetric, with poor 
countries facing higher costs to export relative to rich countries. I then argue that these frictions 
to trade are quantitatively important to understanding why standards of living and measured total 
factor productivity between the richest and poorest countries differ by so much.

The starting point of my analysis is a multicountry model of trade combining a standard grav-
ity model with elements from a neoclassical growth model. Each country has two sectors: a 
tradable goods sector and a final goods sector, both with constant returns technologies. Labor, 
capital, and tradable goods are used as factors of production. In the tradable goods sector there is 
a continuum of goods. As in Rudiger Dornbusch, Stanley Fischer, and Paul A. Samuelson (1977), 
production technologies differ across goods on the continuum only in their productivity levels. 
As in Jonathan Eaton and Samuel Kortum (2002), productivity levels are treated as random vari-
ables drawn from a parameterized distribution. Each country’s distribution differs in its average 
productivity level. Trades occur only within intermediate goods, which are purchased from the 
country with the lowest price that includes “iceberg” costs to trade. The final goods sector pro-
duces a nontraded consumption good with a technology common to all countries.

Within this framework, I first ask: What trade costs between rich and poor countries are 
necessary to reconcile bilateral trade volumes and aggregate price data? The building block to 
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answering this question is a relationship in the model between the degree of relative home bias, 
relative bilateral trade shares, relative prices, and relative trade costs. The first three are observ-
able, whereas trade costs are not. Thus, I use data and the structure of the model to infer relative 
trade costs between country pairs. In the data, home bias and relative prices for tradable goods do 
not covary strongly with income per worker, yet relative bilateral trade shares do. In the model, 
these observables are monotonically related to trade costs; thus, trade costs must covary with 
income per worker such that poor countries face higher costs to export relative to rich countries.

I propose a simple approach to model this asymmetry that retains the parsimony of esti-
mable log-linear gravity equations. The idea is to allow trade costs to vary contingent upon 
the exporter. To illustrate this idea, consider the following facts and how the model might try 
to fit it. The US import share from Japan is larger than its import share from Senegal. Yet both 
Japan’s and Senegal’s import shares from the United States are similar. In the model, a country 
imports a larger share from countries able to supply goods at lower prices relative to domestic 
producers. Two factors influence the prices at which a country can supply goods: (i) the trade 
cost to export and (ii) the domestic unit cost of the goods. These are the free parameters picked 
to fit the trade data.

To fit these facts the result is that (i) Japan’s cost to export to the United States is lower than 
Senegal’s and (ii) the countries’ domestic unit costs are similar. Result (i) reconciles differences 
in the United States’ import share across the two countries. Result (ii) reconciles Japan’s and 
Senegal’s similar import shares from the United States because their cost to produce domestically 
and to import from the United States are the same. This result is important because the domestic 
unit cost function determines (approximately) the aggregate price of tradables in each coun-
try, since most goods are purchased from home in the data and in the model. Thus, the model-
implied price of tradable goods is similar between Japan and Senegal—consistent with the data. 
Furthermore, I also show how the model correctly predicts the observed differences in income 
per worker across countries when using this approach.

These arguments contribute to the gravity literature because previous approaches have difficul-
ties fitting bilateral trade volumes and/or price data when rich and poor countries are included 
in the analysis. Standard approaches to modeling trade costs usually assume that they are sym-
metric. For example, trade costs are assumed to be some function of distance, shared border, lan-
guage, colonial relationship, and so on—all symmetric.1 The merits of my approach can be seen 
by comparing my model’s ability to fit bilateral trade volumes relative to standard approaches: 
my approach has an ​R​2​ that is 36 percent higher than standard approaches.

An exception is Eaton and Kortum (2001, 2002), which allows trade costs to vary contingent 
upon the importer. This approach fits the trade data as well as my approach. But this approach 
also generates counterfactual implications relative to data on the aggregate price of tradables. 
To see this, consider how the approach of Eaton and Kortum (2001, 2002) reconciles the fact 
that the US import share from Japan is larger than its import share from Senegal. The only way 
to reconcile this fact is if Japan’s domestic unit cost is lower than Senegal’s because the US cost 
to import from Japan and Senegal must be the same given the restrictions imposed. Because of 
the relationship between the domestic unit cost function and the aggregate price of tradables, 
this implies that Japan should have a lower price of tradables than Senegal, which is inconsistent 
with the data. Finally, I should emphasize that my arguments are equally applicable to alterna-
tive structural gravity models such as Anderson and van Wincoop (2003) with no firm hetero-
geneity, or variants of Marc J. Melitz (2003) with fixed costs and Pareto distributed productivity 

1 For examples, see the James E. Anderson and Eric van Wincoop (2004) survey of this literature.
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as I show in the online Appendix and in Waugh (2009); thus, my arguments may be interpreted 
more generally.

With a model that can reconcile salient features of the data, I then ask: If trade costs changed, 
then how would cross-country income differences change?2 In this paper, I focus on two coun-
terfactual exercises that emphasize the quantitative importance of the systematic asymmetry in 
trade frictions. In one experiment, trade costs are set so that two countries both face the mini-
mum calibrated trade costs between them. Given the systematic asymmetry in trade costs, the 
premise is that costs above this minimum reflect some extra distortion one country faces while 
the other does not, and that these distortions, unlike distance, are not natural. In this experiment, 
providing countries with equal market access reduces cross-country income differences by up to 
31 percent. In the second experiment, I endow all countries with the same effective trade costs 
that OECD countries face among themselves. The premise here is that the costs to trade between 
OECD countries are relatively closer to free trade than the entire sample. In this experiment, 
cross-country income differences are reduced by up to 23 percent. In all these cases, the reduc-
tion in income differences comes from the reallocation of goods production across countries 
according to comparative advantage.

To put these two exercises in context, consider their impact relative to either a complete elimi-
nation of trade costs or a move to autarky. Eliminating the asymmetry or moving toward OECD 
trade costs delivers 59 and 41 percent of the reduction in income differences relative to complete 
elimination of trade costs. Or at the other extreme, increasing trade costs so there is no trade 
changes income differences little. The systematic asymmetry in trade costs is so punitive that 
removing it takes the economy from basically autarky to over 50 percent of the way relative to 
frictionless trade.

These arguments contribute to the macro-development literature by demonstrating the quan-
titative importance of trade frictions for economic development. Peter J. Klenow and Andres 
Rodríguez-Cláre (1997), Robert E. Hall and Charles I. Jones (1999), Stephen L. Parente and 
Edward C. Prescott (2002), and Francesco Caselli (2005) are examples that find cross-country 
income differences mostly result from differences in total factor productivity. With this well-
established fact, the literature has moved toward a focus on how various frictions affect measured 
total factor productivity.3 In this model, measured total factor productivity is endogenous and 
depends upon the pattern of trade and, hence, trade costs. I demonstrate that reductions in trade 
costs are quantitatively important to reducing differences in measured total factor productiv-
ity and, hence, cross-country income differences by allowing for specialization via comparative 
advantage. Admittedly, my counterfactual exercises are abstract because I follow the gravity 
literature and use the model and trade data to infer trade fictions. However, my arguments sug-
gest some component of these frictions is not related to natural trade barriers, and this component 
is quantitatively important to understanding why standards of living and measured total factor 
productivity between the richest and poorest countries differ by so much.

2 Other papers have studied the welfare consequences of frictions to trade in similar models of trade, e.g., Eaton and 
Kortum (2002) for OECD countries and Fernando Alvarez and Robert E. Lucas Jr. (2007) for a larger set of developed 
and undeveloped countries. Stephen Redding and Anthony J. Venables (2004) study similar questions in a structural 
model of economic geography. My paper’s contribution is a new view of the trade frictions between rich and poor 
countries that can simultaneously reconcile both trade flows and prices that previous approaches cannot. Further, I 
argue that the asymmetric component is quantitatively important to understanding cross-country income differences.

3 See Ricardo Lagos (2006) on labor market frictions; Chang-Tai Hsieh and Peter J. Klenow (2007a) and Diego 
Restuccia and Richard Rogerson (2008), which focus on distortions between establishments within a country; Nezih 
Guner, Gustavo Ventura, and Yi Xu (2008) study size-dependent policies; and Ariel T. Burstein and Alexander Monge-
Naranjo (2009) focus on barriers to foreign direct investment.
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I.  The Model

Consider a world with N countries. Each country has two sectors: a tradable goods sector and 
a final goods sector. Only tradable goods are traded. Within each country i, there is a measure of 
consumers ​L​i​. Each consumer has one unit of time supplied inelastically in the domestic labor 
market, and each is endowed with capital supplied to the domestic capital market. Furthermore, 
each consumer has preferences only over the final good, which is nontraded. In the following, all 
variables are normalized relative to the labor endowment in country i.

A. Tradable Goods Sector

As in Dornbusch, Fischer, and Samuelson (1977), there is a continuum of tradable goods 
indexed by x ∈ [0, 1]. To produce quantity ​m​i​(x) in country i, capital ​k​i​, labor ​n​i​, and the aggregate 
tradable good ​q​i​ are combined by the following nested Cobb-Douglas production function:

	​ m​i​(x)  =  ​z​i​(x​)​− θ​ [​k​ i​ α​​n​ i​ 1−α​​]​β​​q​ i​ 1−β​.

Across goods x, production technologies differ only in their productivity ​z​i​(x​)​− θ​. Power terms 
α, β, and θ are common to all countries.4 The representative firm’s problem in country i is to 
minimize the cost of supplying ​m​i​(x) by choosing capital, labor, and the aggregate tradable good, 
given factor prices, ​r​i​ , ​w​i​, and ​p​i​. All firms in country i have access to the technology for any good 
x with the efficiency level ​z​i​(x​)​− θ​.

Individual tradable goods are aggregated according to a standard symmetric Dixit-Stiglitz 
technology producing the aggregate tradable good with elasticity of substitution η > 0:

	​ q​i​  =  ​​C​∫ 
0
​ 
1

​ m​(x​)​
​ η − 1

 _ η  ​
​ dxD​​ ​  η _ η − 1 ​

​.

Firms in this sector simply have the problem of supplying ​q​i​ at minimum cost by purchasing trad-
able goods m(x) from the lowest cost producer across all countries.

How Does Trade Occur?—Trade occurs in the following manner. A firm producing the aggre-
gate tradable good imports each good from the lowest cost producer across all countries. Three 
factors influence which country is the lowest cost producer: (i) factor prices (w, r, p), (ii) trade 
costs between countries (see below), and (iii) good-level productivity ​z​− θ​. Factor prices are deter-
mined in equilibrium. Trade costs are exogenous. Good-level productivity is modeled as an idio-
syncratic random variable drawn from an exogenously given country-specific distribution as in 
Eaton and Kortum (2002).

Modeling productivity this way is particularly convenient. For example, consider two identical 
countries. Ex ante, there is no incentive to trade, but ex post—after z’s are assigned (randomly) 
to each good—-there is. Because of the luck of the draw, one country will be relatively more 
productive than the other country (and vice versa) at producing different goods, and hence there 

4 It is worthwhile to contrast the use of tradable goods here with the model of Kei-Mu Yi (2003) in which there 
are two stages of production. Individual goods x in the first stage of production are used directly in the second stage 
of production and then aggregated. It is this mechanism that is important for quantitatively explaining the growth in 
world trade.
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is room for trade.5 Given the appropriate distributional assumptions on good-level productivity, 
calculating aggregate trade flows between countries boils down to calculating some probability 
statistics. Below I discuss the benchmark distributional assumptions.

The Distribution of Productivity Across Goods.—I follow Alvarez and Lucas (2007) and 
assume that ​z​i​(x) is distributed independently and exponentially with parameter ​λ​i​ differing 
across countries. Because good-level productivity is ​z​− θ​, this formulation is equivalent to a Type 
II extreme value distribution or Fréchet distribution used by Eaton and Kortum (2002).6 The ​λ​i​ s 
and θ play the following roles regarding the distribution of productivity across goods:

• � ​λ​i​ governs each country’s average productivity level. One can show that each country’s mean 
productivity is proportional to ​λ​ i​ θ​, with the constant of proportionality not depending upon 
the country. So a country with a relatively larger ​λ​i​ is, on average, more efficient at produc-
ing all tradable goods.

• � θ controls the dispersion of efficiency levels. Mechanically, a larger (smaller) θ yields more 
(less) variation in efficiency levels relative to the mean. Returning to the discussion above, 
as θ increases (decreases), it increases (decreases) the likelihood that the productivity of 
the two countries at producing the same good will be different, thus yielding more (fewer) 
incentives to trade. In this sense, θ controls the degree of comparative advantage.

B. Final Goods Sector

In each country, a representative firm produces a homogeneous good that is nontraded. Each 
firm has access to the following nested Cobb-Douglas production function combining capital, 
labor, and the aggregate tradable good:

	​ y​i​  =  [​k​ i​ α​​ n​ i​ 1−α​​]​γ​​q​ i​ 1−γ​.

Factor shares, α and γ, are the same across countries. The representative firm’s problem is to 
minimize the cost of producing ​y​i​, at price ​p​ i​ y​, by selecting the amount of capital, labor, and 
aggregate tradable good, taking prices as given. Recall that each consumer has preferences only 
over this good.

C. Trade Costs

To model trade costs, the standard iceberg assumption is made, i.e., ​τ​ij​ > 1 of good x must 
be shipped from country j for one unit to arrive in country i in which (​τ​ij​ − 1) “melts away” in 
transit. Trade costs ​τ​ij​ are thought to be composed of both policy and nonpolicy related barriers. 
In addition, ​τ​ii​ is normalized to equal one for each country.

5 There is evidence that productivity within narrowly defined sectors can vary significantly even across developed 
countries for idiosyncratic reasons. See Martin Neil Baily and Hans Gersbach (1995) and the associated studies of the 
McKinsey Global Institute.

6 Kortum (1997) shows how a model of innovation and diffusion consistent with balanced growth can give rise to 
this distribution. The online Appendix and Waugh (2009) discuss results from alternative distributional assumptions.
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D. Equilibrium

A competitive equilibrium is characterized by a set of allocation rules, prices, and trade shares. 
The most important objects are the functions that determine the aggregate price of tradable goods, 
trade shares, and wages from which all other equilibrium objects are determined. These three 
functions also provide the basis for the mapping between the data and the model, as discussed 
throughout the rest of the paper.

Allocation Rules.—With Cobb-Douglas production technologies, it is straightforward to show 
that a fraction γ of capital, labor, and β of the aggregate tradable good are allocated toward the 
final goods sector.

Price Index.—Each country i faces the following aggregate price of tradable goods:

(1) 	​  p​i​  =  ϒ ​​E ​∑ 
j=1

​ 
N

 ​ ​​C​r​ j​ αβ​​ w​ j​ (1−α)β​ ​p​ j​ (1−β)​​τ​ij​D​​  ​ − 1 _ θ  ​
​​​λ​j​ F​​ − θ

​,

where ϒ is a collection of constants.

Trade Shares.—​X​ij​ is country i’s expenditure share on goods from country j. It is also the frac-
tion of all goods that country i imports from country j. Since there is a continuum of goods, com-
puting this fraction boils down to finding the probability that country j is the low-cost supplier to 
country i given the joint distribution of efficiency levels, prices, and trade costs for any good x. 
The expression for a trade share is,

(2) 	​  X​ij​  =  ​ 
​​C​r​ j​ αβ​ ​w​ j​ (1 − α)β​ ​p​ j​ (1 − β   )​​τ​ij​D​​ ​ − 1 _ θ  ​

​​λ​j​
   ___   

​∑ ℓ=1​ 
N
  ​ ​​C​r​ ℓ​ αβ​​  w​ ℓ​ (1 − α)β​ ​p​ ℓ​ (1 − β  )​​τ​iℓ​D​​ ​ − 1 _ θ  ​

​​​λ​ℓ​
 ​.

Note that the sum across j for a fixed i must add up to one.

Wages.—An equilibrium wage vector is computed given trade shares and imposing balanced 
trade. Imports are defined as

 	  Imports  =  ​L​i ​​p​i ​​q​i​ ​∑ 
j≠i

 ​ 
N

 ​ ​X​ij​​,

which is the total value of all goods that country i consumes from abroad. Similarly, exports are 
defined as

 	  Exports  =  ​∑ 
j≠i

 ​ 
N

 ​ ​X​ji​​​ L​  j ​pj qj ,

which is the total value of all goods that countries abroad purchase from country i.
Imposing balanced trade and including each country i’s consumption of goods produced at 

home implies the following relationship must hold,

 	​  L​i  ​​p​i​​ q​i​ ​∑ 
j=1

​ 
N

 ​ ​X​ij​​  = ​∑ 
j=1

​ 
N

 ​ ​L​j ​​pj qj  ​X​ji​,
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which says the aggregate value of tradable goods purchased by country i is equal to the value of 
tradable goods all N countries purchase from country i.

Using the observation that each country allocates (1 − γ) of capital and labor to the produc-
tion of the tradable goods sector and the relationship between factor payments and total revenue 
(see Alvarez and Lucas 2007), the equilibrium wage rate for each country i is

(3) 	​  w​i​  =  ​∑ 
j≠i

 ​ 
N

 ​ ​ 
​L​j​

 _ ​L​i​
 ​​ ​w​j​ ​X​ji​.

At this point, the three key pieces of the model have been derived. Equation (1) describes the 
equilibrium price of tradable goods, equation (2) describes the share of goods countries purchase 
from each other, and equation (3) describes the equilibrium wage rate for each country. From 
these functions, all other prices and quantities are determined and an equilibrium constructed.

II.  Trade Data, Price Data, and Model ⇒ Asymmetric Trade Costs

In the model, a country is a labor endowment, capital endowment, technology parameter ​λ​i​, and 
collection trade costs ​τ​ij​. The first two I can observe, the last two I cannot. Here, I use the model 
and some data to understand the structure of trade costs across countries. Standard approaches to 
modeling trade costs usually assume they are symmetric, i.e., some function of distance, shared 
border, language, colonial relationship, and so on—-all symmetric. In this section, I show that 
when price data are brought into the analysis, the model-implied trade costs systematically devi-
ate from symmetry by covarying with level of development.

A. Trade Data

As a benchmark, I consider the model year to be 1996.7 Seventy-seven countries are in the 
sample and represent over 90 percent of world GDP in 1996. I assume that the tradable goods 
sector corresponds to manufactures.8 I constructed trade shares ​X​ij​ following Eaton and Kortum 
(2002) and Andrew B. Bernard, Eaton, J. Bradford Jensen, and Kortum (2003) in the following 
manner:

 	  ​X​ij​  =  ​ 
Import​s​ij​

   ____     
Gross Mfg. Productio​n​i​  −  Total Export​s​i​  +  Import​s​i​

 ​ ,

	​ X​ii​  =  1 − ​∑ 
j≠i

 ​ 
N

 ​  ​​X​ij​ .

In the numerator is the aggregate value of manufactured goods that country i imports from coun-
try j. These data are from Robert C. Feenstra, Robert E. Lipsey, and Henry P. Bowen (1997), and 
manufactures are defined to be the aggregate across all 34 BEA manufacturing industries. In the 
denominator is gross manufacturing production minus total manufactured exports (for the whole 
world) plus manufactured imports (for only the sample). Basically, this is simply computing an 

7 I also considered data from 1985, and all the results are quantitatively consistent with the results discussed through-
out the paper. Details are available upon request.

8 This is a simplification, but it is reasonable as a first-order approximation to reality because, for all countries in the 
sample, this represents on average 80 percent of all merchandise imports; the median is 94 percent. The more relevant 
concern is whether there is a systematic bias in the amount of trade not included and level of development. I considered 
this by regressing the percent of trade not included on a bilateral basis on income level of importer and exporter. There 
is a slight relationship between the difference in income per worker of importing and exporting countries and the 
amount of trade not included; however, the magnitude is negligible.
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expenditure share by dividing the value of inputs consumed by country i imported from coun-
try j divided by the total value of inputs in country i. Gross manufacturing data are from either 
UNIDO, OECD, or imputed from value added data from the World Bank.

Table 1 presents a matrix of trade shares for selected countries. A row denotes the exporting 
country, and a column denotes the importing country. Note two important features:

OBSERVATION 1: Home Bias for Both Rich and Poor Countries.—First, by home bias I 
mean that countries purchase most of their goods from home, i.e., ​X​ii​ data. Home bias in the data 
is seen by noticing the large values lying along the diagonal of Table 1 relative to off-diagonal 
entries. The important observation is that there is little variation in the ​X​ii​  s relative to a country’s 
income per worker. A regression of the logarithm of ​X​ii​ on the logarithm of purchasing power 
parity (PPP) adjusted GDP per worker in 1996 has a slope coefficient of 0.12 and is barely differ-
ent from zero statistically. Rich countries purchase slightly more from home than poor countries, 
but the difference in magnitude is small.

OBSERVATION 2: Systematic Correlation Between Bilateral Trade Shares and Relative 
Level of Development.—To see this correlation, notice the values in the upper right quadrant 
(encompassing poor countries’ imports from rich countries) are large relative to those in the 
lower left quadrant of Table 1 (encompassing rich countries’ imports from poor countries). To 
illustrate this point for all countries, I regressed the logarithm of ​X​ij​/​X​ji​ on the logarithm of yj/​y​i​. 
Here, ​y​i​ is PPP adjusted GDP per worker in 1996. The intercept is approximately zero and the 
slope coefficient is 2.40. Both are precisely estimated. The regression illustrates that the larger 
the difference in relative incomes, the larger the disparity in bilateral trade shares between the 
two countries.

B. Price Data

In the model, the prices ​p​i​ are the aggregate price indices of tradable goods. These are trad-
able goods, not traded goods, since in equilibrium some goods may not be traded. Furthermore, 
since the bundle of tradable goods is the same for all countries, a key concern is that the data are 
comparable across countries. To construct data on these prices, I employed price data from the 
United Nations International Comparison Program (ICP). This program collects prices on goods 
and services in various countries and benchmark years, with the most relevant feature being the 

Table 1—1996 Trade Share Data, ​X​ij​, in Percent for Selected Countries

US Canada Japan Mexico China Senegal Malawi Zaire

US 83.25 39.73 2.27 31.62 3.63 2.16 1.57 2.93
Canada 3.78 49.21 0.21 0.72 0.32 0.56 0.67 0.51
Japan 3.04 2.01 92.56 1.59 6.99 1.34 2.65 0.82

Mexico 1.88 1.33 0.02 61.09 0.057 0.01 0 0.007
China 1.78 1.41 1.44 0.30 77.61 2.69 2.50 6.81

Senegal  ​0​∗​  ​0​∗​  ​0​∗​ 0  ​0​∗​ 52.68 0 0
Malawi  ​0​∗​  ​0​∗​  ​0​∗​ 0 0 0 41.52 0
Zaire 0.003 0.005 0.003  ​0​∗​  ​0​∗​ 0 0 51.53

Notes: Entry in row i, column j, is the fraction of goods country j imports from country i. Zeros with stars indicate the 
value is less than 10−4. Zeros without stars are zeros in the data.
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explicit goal of comparability during their collection. That is, prices are supposed to be for the 
same or similar goods, and the baskets of goods are the same across countries.

To construct tradable price indices, benchmark data for the year 1996 were obtained from the 
Penn World Table (PWT) Web site (http://pwt.econ.upenn.edu). Data on prices are provided 
at disaggregate categories for each benchmark year in local currencies. From this data, only 
categories that best correspond with the bilateral trade data are included.9 I then constructed the 
appropriate price indices of tradable goods and then converted to US dollar prices.10 This results 
in the third key feature of the data:

OBSERVATION 3: Aggregate Tradable Goods Prices are Similar Between Rich and Poor 
Countries.—Figure 1 plots the price of tradable goods for 1996 versus PPP adjusted GDP per 
worker data for that year. As the figure illustrates, poor countries have slightly lower prices of trad-
able goods with an elasticity of the price of tradable goods with respect to income level of 15 per-
cent. My results are consistent with Irving B. Kravis and Lipsey (1988), who document similar 
relationships between the price of tradable goods and level of development, and Hsieh and Klenow 
(2007b), who study similar price indices for only investment goods.

9 There is no one-to-one mapping, so discretion is involved. Some categories seem to include items that are inher-
ently nontraded, e.g., “Footwear and Repairs,” which was included. At the current aggregation provided for 1996, this 
is unavoidable, and PWT administrators are unwilling to provide me with any finer level of aggregation.

10 Not all 77 countries are benchmark countries. The trade-off I face is between a large sample of bilateral trade 
shares versus using only benchmark countries. I opted for more trade data. To construct price indices for nonbenchmark 
countries, I imputed their values from information in the PWT. To do so, I regressed the constructed prices for the 
entire benchmark table on the price of consumption (pc) and price of investment (pi), which is available for all coun-
tries directly from the PWT. Given the estimated coefficients, I imputed the price of tradable goods for nonbenchmark 
countries by using the observed price of consumption and price of investment.
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Figure 1. Price of Tradable Goods: Similar Between Rich and Poor Countries
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C. The Implications of Trade Data, Price Data for Trade Costs

In the model, observations 1–3 yield a straightforward implication for trade costs. Manipulation 
of equations (1) and (2) yields the following relationship between home trade shares, bilateral 
trade shares, aggregate prices, and trade costs:

(4) 	​  
​X​ij​

 _ ​X​jj​
 ​  =  ​τ​ ij​ 

− ​ 1 _ θ ​​  ×  ​​a​ 
pj

 _ ​p​i​ ​b​​ 
− ​ 1 _ θ ​​.

Equation (4) is basically an arbitrage condition.11 It says that if ​p​i​ > pj, then country i has incen-
tives to purchase relatively more goods from country j because they are cheaper. Or if trade costs 
between country i and j are large, then country i has fewer incentives to purchase a good from 
country j. Dividing equation (4) by the opposing expression relating country j and i yields:

(5) 	​  a​ 
Xij

 _ ​X​ji​
 ​ ​ 

​X​ii​ _ ​X​jj​
 ​b​   ×  ​​a​ 

pj
 _ ​p​i​ ​b​​ 

​ 2 _ θ ​​  =  ​​a​ 
​τ​ij​

 _ ​τ​ji​ ​b​​ 
− ​ 1 _ θ ​​.

Consider the term (​X​ij​/​X​ji​)​ (X​ii​/​X​jj​), which incorporates data from both Observation 1 and 
Observation 2. These observations imply that this term is positively correlated with exporters’ 
income per worker relative to importers’ income per worker. For example, the elasticity of this 
term with respect to relative income per worker yj/​y​i​ is 2.30 and statistically different from zero.

In a symmetric world, the term (​X​ij​/​X​ji​)​ (X​ii​/​X​jj​) equals one always. Equation (5) states that 
deviations from the symmetric benchmark occur for only two reasons: (i) aggregate prices of 
tradable goods are different, or (ii) relative trade costs between the two countries are different. 
Observation 3 informs us on point (i). Aggregate tradable goods prices are similar between rich 
and poor countries, i.e., there is little correlation between ( pj/​p​i​)2/θ and relative income level.

Thus observations 1–3, equation (5), and a θ > 0 imply that relative trade costs ​τ​ij​/​τ​ji​ are nega-
tively correlated with exporters’ income per worker relative to importers’ income per worker. This 
means for a poor country trading with a rich country, it is relatively more difficult for the poor coun-
try to export its goods to the rich country than to import goods from the rich country. Furthermore, 
this result conflicts with standard approaches to modeling trade costs which assume that ​τ​ij​ = ​τ​ji​.

III.  Modeling Asymmetry: Some Examples

One would like an approach to model asymmetric trade costs, yet retain the parsimony that 
structural gravity equations provide when estimating trade costs from trade flows. The key to 
any approach is to do so without resulting in counterfactual implications for prices and other 
objects of interest. In this section, I provide two examples illustrating different approaches to 
fitting the bilateral trade share data, their different implications, and how the trade data map into 
the estimated parameters. Example 1 provides the motivation for the benchmark approach I use 
in Section IV. Example 2 is an alternative approach, similar in spirit to Eaton and Kortum (2001, 
2002), and with which I will contrast my results.

11 There is nothing unique about equation (4) to the Eaton and Kortum (2002) framework. As I show in the online 
Appendix and in Waugh (2009), the structural gravity models of Anderson and van Wincoop (2003) or variants of 
Melitz (2003) all generate this relationship. Thus the implications of observations 1–3 and the arguments throughout 
the paper apply under alternative models of international trade.
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A. Common Elements to Both Examples

Consider a world with three countries. Think of country 1 as the United States and countries 
2 and 3 as middle income and poor countries. Assume throughout the example that ​X​12​ > ​X​13​ 
but ​X​21​ = ​X​31​ and countries 2 and 3 do not trade with each other. These assumptions resemble 
Table 1 and the data generally because the United States exports similar shares to most countries, 
yet the United States imports a monotonically increasing share of goods as a function of the 
exporting country’s level of development, i.e., country 2 is richer than country 3, so the United 
States imports a larger share from country 2 relative to country 3. With columns denoting import-
ers and rows as exporters, the matrix in equation (6) depicts the set of bilateral trade shares nor-
malized by the importing countries’ home trade share:

(6) 

q
1 ​ 

​X​21​ _ ​X​22​
 ​ ​ 

​X​31​ _ ​X​33​
 ​

r where ​ 
​X​21​ _ ​X​22​

 ​  =  ​ ​X​31​ _ ​X​33​
 ​

​ 
​X​12​ _ ​X​11​

 ​ 1 0 .

​ 
​X​13​ _ ​X​11​

 ​ 0 1
and ​ 

​X​12​ _ ​X​11​
 ​  >  ​ ​X​13​ _ ​X​11​

 ​

To simplify the following examples, assume that (i) all countries have the same labor endow-
ment, (ii) labor is the only factor of production, and (iii) country 1’s ​w​1​ and ​λ​1​ are normalized 
to one. Equation (2) implies the following relationship between (6) and six unknown structural 
parameters ​E​λ​2​, ​λ​3​, ​τ​12​, ​τ​21​, ​τ​13​, ​τ​31​F​ :

( 1 ​  1 _  
(​w​2​​​τ​21​)​

​ − 1 _ θ  ​
​​λ​2​

 ​  ​  1 _  
(​w​3​​​τ​31​)​

​ − 1 _ θ  ​​​λ​3​
 ​ ) where (6) ⇒ ​  1 _  

​(w​2​​​τ​21​)​
​ − 1 _ θ  ​

​​λ​2​
 ​ = ​  1 _  

(​w​3​​​τ​31​)​
​ − 1 _ θ  ​

​​λ​3​
 ​

   ​ 
​(w​2​​​τ​12​)​

​ − 1 _ θ  ​
​​λ​2​ _ 

1
 ​  1 0

and   ​ 
​(w​2​​​τ​12​​)

​ − 1 _ θ  ​​​λ​2​ _ 
1
 ​ >   ​ 

(​w​3​​​τ​13​​)
​ − 1 _ θ  ​​​λ​3​ _ 

1
 ​

   ​ 
(​w​3​​​τ​13​​)

​ − 1 _ θ  ​​​λ​3​ _ 
1
 ​  0 1

Notice there are six parameters yet only four informative moments, {​X​12​/​X​11​, ​X​13​/​X​11​,
​X​21​/​X​22​, ​X​31​/​X​33​}. Thus, one needs additional restrictions on the parameter space before tak-
ing the model to the data. In the N country case, this identification problem remains with only ​
N​ 2​ − N moments yet ​N​ 2​ parameters of interest. Below I consider two alternative restrictions. 
Both fit the trade data equally well but have qualitatively different implications for the aggregate 
price of tradable goods and productivity/income differences.

B. Example 1: Export Effects

This set-up restricts the parameter space so {​τ​21​, ​τ​31​}, = ​_ τ ​, i.e., the cost for countries 2 and 
3 to import is the same. The free parameters are the export costs that countries 2 and 3 face 
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{​τ​12​, ​τ​13​} and their technology parameters. With these restrictions, I can make the following 
inferences:

A.1 Because both countries import similar shares from the United States (​X​21​ = ​X​31​), the 
assumption on trade costs implies that ​w​ 2​ − 1/θ​ ​λ​2​ = ​w​ 3​ − 1/θ​ ​λ​3​. The interpretation is that both coun-
tries 2 and 3 can produce a good at the same unit cost on average.12 Thus, because both countries 
import similar amounts from the United States, their cost to produce a good domestically must 
be the same, on average.

B.1 Because the United States imports more from country 2 than from country 3 (​X​12​ > ​X​13​), 
but both countries can produce a good at similar cost, then this pattern implies that ​τ​12​ < ​τ​13​. That 
is, exporting to the United States is more difficult for country 3 than it is for country 2.

These restrictions have the following implications for prices and income differences:

Example 1: Implications for Prices.—Using equation (1), the aggregate price index of tradable 
goods in countries 2 and 3 is

 	​  p​2​  =  ϒ ​​E ​w​ 2​ 
​ − 1 _ θ  ​​​λ​2​  +  ​​_ τ ​​ ​ 

−1 _ θ  ​​F​​− θ
​  =  ​p​3​  =  ϒ ​​E ​w​ 3​ 

​ − 1 _ θ  ​​​λ​3​  +  ​​_ τ ​​ ​ 
−1 _ θ  ​​F​​− θ

​,

with both countries facing the same price indices. Two forces are present: First, the prices paid 
for domestically produced goods in country 3 are (on average) the same as in country 2. Second, 
the cost to import a good from the United States is the same across both countries 2 and 3, so the 
prices paid for imported goods are (on average) the same. This example is qualitatively consis-
tent with the data: comparable price indices for tradable goods are similar across countries.

Example 1: Implications for Income Differences.—This example implies that unit costs are 
the same across countries 2 and 3, on average. Unit costs are a function of both wages and 
productivity. So to infer differences in productivity, I use balanced trade, which pins down wage 
rates and then allows for the recovery of ​λ​i​. Balanced trade from equation (3) implies that

 	​  
​X​12​ _ ​X​21​

 ​  =  ​w​2​  >  ​ ​X​13​ _ ​X​31​
 ​  =  ​w​3​.

Notice that these wages are independent of the assumed structure of trade costs. This observation 
implies that country 2 is more productive than country 3 (​λ​2​ > ​λ​3​). Conditional on fitting the 
pattern of trade, λs map directly into cross-country income differences (see equation (13)), so 
country 2 must be richer than country 3. Nothing deep has been revealed here (yet), but below 
I contrast the magnitude of the productivity differences across the two scenarios demonstrating 
how these implications are informative.

C. Example 2: Import Effects

Now consider an alternative restriction on the parameter space so {​τ​12​, ​τ​13​} = ​_ τ ​, i.e., countries 
2 and 3 face the same cost to export to the United States. The free parameters here are the import 
costs for countries 2 and 3 {​τ​21​, ​τ​31​} and their technology parameters. With these restrictions and 
the data, I can make the following inferences:

A.2 Because the United States imports more from country 2 than from 3 (​X​12​ > ​X​13​), but 
both countries 2 and 3 face the same cost to export to the United States ({​τ​12​, ​τ​13​} = ​_ τ ​), then
​w​ 2​ − 1/θ​ ​λ​2​ > ​w​ 3​ − 1/θ​ ​λ​3​. In contrast to the previous example, the interpretation is that country 2 is a 
lower cost producer than country 3, on average.

12 To see this interpretation, take the expectation of ​z​i​ ​w​ i​ −1/θ​ over all goods and then take this term to the power − θ. 
The value is ​w​i​​λ​ i​ − θ​, which is the unit cost of a producer with the average productivity level.
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B.2 Abstracting from trade costs, because country 2 is a lower cost producer than country 3, 
country 3 should import a larger share from the United States than country 2. In the example, the 
two countries import the same share, ​X​21​ = ​X​31​ from the United States. Thus, importing a good 
from the United States is more difficult for country 3 than it is for country 2, i.e., ​τ​21​ < ​τ​31​.

These restrictions have the following implications for prices and income differences:

Example 2: Implications for Prices.—Using equation (1), the price index for prices paid for 
goods in countries 2 and 3 is

 	​  p​2​  =  ϒ {​w​ 2​ 
− ​ 1 _ θ ​​​λ​2​ + ​τ ​ 21​ 

− ​ 1 _ θ ​​ ​}​− θ
​  <  ​p​3​  =  ϒ {​w​ 3​ 

− ​ 1 _ θ ​​ ​λ​3​ + ​τ  ​ 31​ 
− ​ 1 _ θ ​ ​​}​− θ

​.

The middle income country has a lower aggregate price of tradables relative to the poor coun-
try. Two forces are present: First, the prices paid for domestically produced goods in country 3 
are (on average) higher than in country 2 because country 2 is a lower cost producer. Second, 
because it is more costly for country 3 to import goods from the United States, it is also paying 
higher prices on goods it does import, thus further increasing the aggregate price index. This 
example is not qualitatively consistent with the data.

Example 2: Implications for Income Differences.—This example implies that country 2 is 
a lower cost producer than country 3, on average. Because wages are higher in country 2 than 
country 3 (see above), the implication is that country 2 is more productive than country 3, which 
is similar to Example 1. However, between the two examples there is a distinct difference in 
magnitude; Example 2 is larger than Example 1:

 	  ​ λ2 _ λ3
 ​	 >	 ​ λ2 _ λ3

 ​	 >  1.
	 3	 3
	 Import Effects	 Export Effects

Conditional on fitting the pattern of trade (which both scenarios do), productivity differences 
map into cross-country income differences. Thus, the variance in income per worker in the model 
helps cross-validate the restrictions imposed on the model.

IV.  Estimating Technology and Trade Costs from Trade Data

This section outlines my approach to jointly recover estimates of the trade costs and technol-
ogy parameters from trade data consistent with the arguments of Sections II and III.

A. Benchmark Approach

As discussed in Eaton and Kortum (2002), the framework here nests a structural log-linear 
“gravity” equation. To derive this relationship, simply divide each country i’s trade share from 
country j by country i’s home trade share. Taking logs yields N − 1 equations for each country i :

(7) 	  log ​a​ 
​X​ij​

 _ ​X​ii​
 ​b​  =  ​S​j​  −  ​S​i​  −  ​ 1 _ θ ​ log ​τ​ij​,

in which ​S​i​ is defined as log [​r​ i​ αβ/− θ​ ​w​ i​ (1 − α)β/− θ​ ​p​ i​ (1 − β)/− θ​ ​λ​i​]. Recall from Example 1 an inter-
pretation of the value of ​S​i​ is that it is a monotonic and decreasing function of the unit cost of a 
producer with the average productivity level in country i. The ​S​i​ s are recovered as the coefficients 
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on country-specific dummy variables given the imposed restrictions on how trade costs can 
covary across countries.

Similar to Section III, there are only ​N​ 2​ − N informative moments and ​N​ 2​ parameters of 
interest. Thus, restrictions on the parameter space are necessary. To create them, I build on the 
arguments in Section III and assume that trade costs take the following functional form:

(8) 	  log (​τ​ij​)  =  ​d​k​  +  ​b​ij​  +  e​x​j​  +  ​ϵ​ij​.

Here, trade costs are a logarithmic function of distance, where ​d​k​ with k = 1, 2, … , 6 is the effect 
of distance between countries i and j lying in the k th distance intervals. Intervals are in miles: 
[0, 375); [375, 750); [750, 1,500); [1,500, 3,000); [3,000, 6,000); and [6,000, maximum]. ​b​ij​ is the 
effect of a shared border in which ​b​ij​ = 1, if countries i and j share a border and zero otherwise. 
I assume ​ϵ​ij​ reflects barriers to trade arising from all other factors and is orthogonal to the regres-
sors. These features of the trade cost function are the same as in Eaton and Kortum (2002), and, 
more generally, consistent with the entire literature on estimating trade costs from bilateral trade 
flows (see Anderson and van Wincoop 2004).

An important difference lies in the term e​x​j​ , which I will call an exporter fixed effect. Example 1 
in Section III motivates this term. To see the connection with Example 1, consider the matrix of 
trade costs (abstracting from distance and shared borders) in a three-country world:

  q
1 exp(e​x​1​) exp(e​x​1​)

r   .exp(e​x​2​) 1 exp(e​x​2​)

exp(e​x​3​) exp(e​x​3​) 1

The functional form assumption in equation (8) generates the same pattern of trade costs dis-
cussed in Example 1, i.e., {​τ​21​, ​τ​31​} = ​_ τ ​ = exp(e​x​1​).

To summarize, equations (7) and (8) provide the basis for the benchmark estimation of trade 
costs ​τ​ij​ s and ​S​i​ s for which I use ordinary least squares.13

B. Alternative Approach

I will contrast my approach with an alternative trade costs specification:

(9) 	  log (​τ​ij​)  =  ​d​k​  +  ​b​ij​  +  ​m​i​  +  ​ϵ​ij​.

In contrast to an exporter fixed effect, this specification has an importer fixed effect ​m​i​ in its place. 
Here, the estimate ​m​i​ reflects the extra cost country i faces to import a good from any country j. 
Of note, this is the specification of Eaton and Kortum (2001, 2002).

13 I also experimented with the Poisson pseudo-maximum-likelihood estimator advocated by Joao M. C. Santos-
Silva and Silvana Tenreyro (2006). I employed their technique of estimating the gravity equation in levels and includ-
ing zero observed trade flows and found that the substantive contributions of this paper do not differ relative to using 
ordinary least squares. The online Appendix and Waugh (2009) contain a more detailed discussion of zero trade flows.
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To connect this specification with Example 2, consider the matrix of trade costs (abstracting 
from distance and shared borders) in a three-country world:

  q
1 exp(​m​2​) exp(​m​3​)

r  .exp(​m​1​) 1 exp(​m​3​)

exp(​m​1​) exp(​m​2​) 1

The functional form assumption in equation (9) generates the same pattern of trade costs dis-
cussed in Example 2, i.e., {​τ​12​, ​τ​13​} = ​_ τ ​ = exp(​m​1​).

I must emphasize that both of these specifications will fit the pattern of bilateral trade equally 
well. However, as argued in Section III, price and income data help in distinguishing between 
the two.

C. Recovering Technology

I recover the λ’s in the following way. Given the estimated ​   
 
 S​i s and ​     τ​ij s, the estimated aggregate 

price of tradable goods is then computed as

(10) 	  ​ ̂    p​i  =  ϒ  ​​E  ​∑ 
j=1

​ 
N

 ​  ​e​​​   
 
 S​​j​​​ ​​     τ​​ ij​ 

​ −1 _ θ  ​
​F​​−θ

​.

Then, given the ​     p​is computed from equation (10), one can recover the convolution of
​r​ i​ αβ/−θ​ ​w​ i​ (1−α)β/−θ​ ​λ​i​ from the estimates of ​   

 
 S​i. I then use wages from observed bilateral trade shares​

X ​i j​  , each country’s observed labor endowment, and the balanced trade condition in equation (3):

 	​  w​i​  =  ​∑ 
j=1

​ 
N

 ​ ​ 
​L​j​

 _ ​L​i​
 ​​​  w​j ​​X​ji​.

Wages in combination with aggregate capital-labor ratios determine rental rates. Then with all 
prices computed, each country’s technology parameter ​λ​i​ is recovered.14

V.  Estimating θ

The parameter θ is important for two reasons. First, the size of θ controls the gains from trade. 
Second, one may speculate whether results in Section II are driven by the assumption that θ is 
common to all countries. In this section, I estimate θ consistent with the model and from data 
which includes both rich and poor countries.15 I also apply my estimation strategy to subsamples 
of rich and poor countries to evaluate the possibility that different θ s between rich and poor coun-
tries could explain the results in Section II.

14 My approach differs substantially relative to Alvarez and Lucas (2007). Their baseline calibration assumed that 
each country’s ​λ​i​ is proportional to an unobservable endowment ​L​i​. This assumption, in combination with balanced 
trade, output data, and some proxies for trade costs such as average tariff rates, allowed them to calibrate each country’s ​
λ​i​ and ​L​i​ jointly.

15 Eaton and Kortum (2002) provided point estimates for θ for only OECD countries. Several papers have esti-
mated parameters resembling θ from limited samples of developed countries. See Anderson and van Wincoop (2004) 
for a survey.
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A. Estimation Approach

To estimate θ, I employ the following arguments. First, if one had data on trade costs ​τ​ij​, aggre-
gate price data ​p​i​, and trade data ​X​ij​, then equation (4) can be used to estimate θ. The difficulty 
is that the trade costs ​τ​ij​ are unobserved. However, an estimate of ​τ​ij​ is possible with a simple 
arbitrage argument and disaggregated price data. The idea is that it must be the case that for 
any given good ℓ at a disaggregate level, ​p​i​(ℓ)/pj(ℓ) ≤ ​τ​ij​, otherwise there would be an arbitrage 
opportunity. This implies an estimate of ​τ​ij​ is the maximum of relative prices over goods ℓ.

In logs, my estimate of ​τ​ij​ will use the second-order statistic rather than the maximum:

(11) 	  log ​​     τ​​ij​  =  ​max   
ℓ
  ​ 2 { log ( ​p​i​(ℓ))  −  log ( pj (ℓ))},

where max 2 denotes the second highest value. Eaton and Kortum (2002) use this approach gen-
erating their preferred estimate of θ. They argue that this approach helps alleviate any measure-
ment error and find that their estimates of ​τ​ij​ when computed with the second-order statistic are 
more correlated with the normalized bilateral trade shares (​X  ​i  j​/​X  ​j  j​) than when computed using 
the first-order statistic. Consistent with their results, I also find the same outcome.

With an estimate of ​τ​ij​ from equation (11), I can use equation (4), bilateral trade data, and 
aggregate price data to estimate θ. This is my benchmark estimation approach.

B. Disaggregated Price Data

To construct estimates of equation (11), benchmark price data for the year 1985 were used 
from the Penn World Table Web site (http://pwt.econ.upenn.edu). I use the year 1985 because 
it provides disaggregated price data at a level higher than publicly available data for the other 
benchmark year 1996. The assumption is that θ is time invariant. For tradable goods, this dataset 
has 76 different good categories for 43 of the countries in my dataset. The bilateral trade data are 
also from 1985 and constructed in the same manner as described in Section II.

C. A Benchmark Estimate of θ

To summarize, I estimated equation (4) with proxies for trade costs from equation (11) with 
ordinary least squares with no intercept term as the theory predicts.16 Least squares yields an esti-
mate of 5.5. This implies a θ of 0.18, and it is my benchmark estimate of θ throughout the paper.17

Rich Country θ Higher Than Poor Country θ?—One may speculate whether the results in 
Section II are driven by the assumption that θ is common to all countries. A scenario that might 
be able to rationalize the results in Section II would have rich countries with larger θ s (i.e., more 
variation in productivity and more incentives to trade) and poor countries with smaller θ s (i.e., 
less variation in productivity and fewer incentives to trade).18 To evaluate this claim, I divided the 

16 The estimated trade costs from equation (11) further confirm my arguments. I ran the regression log ​     τ​ij
= ​d​k​ + ​b​ij​ + ​ρ​im,y​ log(​y​i​) + ​ρ​ex,y​ log(​y​j​), where ​d​k​ and ​b​ij​ control for distance and shared border as described in 
Section IV. The last two variables are importer income and exporter income per worker. The estimates are ​ρ​im,y​ = − 0.06 
and ​ρ​ex,y​ = − 0.14 and are precisely estimated. Because the estimates are such that ​ρ​ex​ < ​ρ​im​, they imply that poor coun-
tries face systematically higher costs to export their goods relative to rich countries.

17 Method of moments generates similar results as well. Eaton and Kortum (2002) use this approach to generate 
their preferred estimate of θ = 0.12—lower than the estimates here. However, for only OECD countries, the method of 
moments estimate of θ is 0.118 and is very similar to their preferred estimate.

18 Ana Cecilia Fieler (2009) is a formal articulation of this idea in combination with nonhomothetic preferences 
aiming to explain the observed positive correlation between aggregate trade and income per capita.
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sample into rich (OECD) and poor (non-OECD) countries and estimated a separate θ for each 
one. Because trade between rich countries will be driven by higher θs and trade between poor 
countries will be driven by lower θs, this strategy should help address this possibility.

When non-OECD countries and OECD countries are considered separately, the estimates 
of 1/θ are 5.5 and 7.9 respectively. Notice that among non-OECD countries the estimate of 
1/θ is nearly the same as the estimate from the sample with all countries. Furthermore, when 
only OECD countries are considered, the point estimate for θ is smaller than the estimate for 
only non-OECD countries. This evidence is contrary to the argument that rich countries have 
higher θs relative to poor countries as an explanation for the results in Section II.19 In fact, these 
results would seem to further deepen the puzzle.

VI.  Measurement and Common Parameter Values

A. Measuring Income Per Worker

Throughout the rest of this paper, real GDP per worker in my model—as measured in the 
PWT—is a central object of interest. The online Appendix and Waugh (2009) provide a detailed 
discussion about the mapping between real GDP as measured in the PWT and the model, but the 
end result is simply the following:

(12) 	​  y​i​  =  ​ ​w​i​ _ ​p​ i​ y​
 ​  +  ​ ​r​i​ ​k​i​ _ ​p​ i​ y​

 ​  ,

in which income from wages and capital is deflated by each country’s final goods price.

B. Factor Shares

Given the model’s structure resulting in equation (13), I want α to be consistent with the exer-
cises in the income accounting literature. To do so, I set α equal to 1/3. David Gollin (2002) pro-
vides an argument for setting α equal to 1/3 by calculating labor’s share for a wide cross-section 
of countries and finding it to be around 2/3.

Value added in tradable goods production is controlled by β. Since tradable goods are assumed 
to correspond with manufactures, one measure of β is manufacturing value added relative to gross 
manufacturing production. Using manufacturing value added and gross production data from 
UNIDO (1996), I calculated that 0.33 is the average across 61 of the countries with data avail-
able. Across all countries, there is no correlation between the calculated β and a country’s level of 
development. Based on this evidence, 0.33 seems to be a reasonable value for β.

Value added in nontradable goods production is controlled by γ. It also determines the allo-
cation of labor and capital between tradables and nontradables. Because of the variations in 
interpretation, there is wider variation on the appropriate value for γ. Alvarez and Lucas (2007) 
discuss plausible values for γ ranging from 0.80 to 0.70 depending on the source. As a baseline 
value, I use their baseline value with γ equal to 0.75.

I followed Alvarez and Lucas (2007) in selecting the value for η. Other than satisfying the nec-
essary assumptions detailed in Alvarez and Lucas (2007), this value plays no quantitative role.

19 The micro-evidence on productivity variation suggests this view as well. Abhijit Banerjee and Esther Duflo 
(2005) discuss industry-level evidence from India, and they argue that the best firms are basically using frontier tech-
nologies. William W. Lewis (2004) argues that this same pattern prevails in other developing countries such as Brazil, 
Russia, and Korea. David Lagakos (2009) provides evidence for the retail sector in developing countries that have 
similar compositional patterns. Thus, the coexistence of high productive firms and extremely low productive firms in 
developing countries suggests that the variance in productivity is higher in poor countries than it is in rich countries.
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C. Capital, Labor, and Distance Data

To compute equilibrium prices, one needs measures of endowments. For this purpose, I used 
aggregate capital-labor ratios from Caselli (2005). They were constructed using the perpetual 
inventory method with PPP adjusted investment rates in Alan Heston, Robert Summers, and 
Bettina Aten (2002). I used labor endowments from Caselli (2005), which are based on informa-
tion in Heston, Summers, and Aten (2002) as well.

The distance measures used to estimate trade costs are in miles from capital city in country i 
to capital city in country j, calculated by the great circle method. These measures and border data 
are from Centre d’Etudes Prospectives et d’Informations Internationales (http://www.cepii.fr).

VII.  Estimation Results

In this section, I discuss the estimated parameters from the benchmark model with exporter 
fixed effects and contrast the results with a model estimated with importer fixed effects. Table 2 
and Table 3 summarize the results.

A. Benchmark Results

In terms of fitting bilateral trade flows, my approach performs substantially better than standard 
approaches in the gravity literature with symmetric trade costs. For example, my model’s ​R​  2​ is 0.83. 
Without the exporter fixed effect, the ​R​  2​ declines to 0.61. The simple suggestions in Section IV 
improve the performance of standard approaches to estimating gravity models by 36 percent.

My model does not suffer from the criticisms of Fieler (2009) and captures the positive rela-
tionship between aggregate trade and income per worker. Fieler (2009) argues that structural 
gravity models predict that the share of trade in GDP is strongly decreasing in income per worker, 
yet in the data the share of trade in GDP is weakly increasing. A regression of the logarithm of 
imports relative to GDP predicted by my model on log income per worker yields a slope coef-
ficient of 0.045. In the data, this same regression yields a slope coefficient of 0.057.

Note two features about the estimated trade costs. First, consistent with the gravity literature, 
distance is an impediment. The estimates reported in Table 2 are consistent with those in Eaton 
and Kortum (2001), which considers a similar sample of countries but trade data only on machin-
ery and equipment. The overall size of the trade costs for a developed country are only slightly 
larger than those reported in Anderson and van Wincoop (2004).20

Second, the exporter fixed effect is negatively correlated with income per worker. Figure 2 
plots each country’s exporter fixed effect, expressed in terms of the percentage effect on cost, 
versus income per worker data. As Figure 2 depicts, poor countries appear to have a serious dis-
advantage at exporting goods relative to rich countries. For example, a good exported from the 
United States costs 62 percent less than a good exported from the average country. In contrast, a 
good exported from Zimbabwe will cost 35 percent more than a good exported from the average 
country. These results are consistent with the arguments of Section II, which imposed no restric-
tions on the structure of trade costs.

20 Anderson and van Wincoop (2004) report that for a representative developed country, trade barriers fall in a range 
between 40 and 90 percent depending on the study and elasticities of substitution. I find that the median trade cost 
between OECD countries is equivalent to a 118 percent tariff. This is above the upper range, but I am using a slightly 
higher value of θ than looking at only OECD countries would imply.
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Table 3—Country-Specific Estimates (benchmark model)

Country  e​x​i​ Standard error Percent cost ​   
 
 S​i Standard error

 ​​a​ 
​λ​us​ _ ​λ​i​

 ​ b​​
θ
​ 

United States  5.40  0.24  − 62.5 0.54 0.17 1.00
Argentina  1.62  0.26  − 25.5 0.69 0.19 1.60
Australia  2.50  0.25  − 36.4 0.11 0.18 1.42
Austria  1.35  0.24  − 21.8 0.77 0.17 0.93
Belgium  5.13  0.24  − 60.7 − 1.55 0.17 1.21
Benin  − 3.71  0.41  96.3 − 0.25 0.23 10.40
Bangladesh  − 0.43  0.27 8.03 0.54 0.21 2.92
Bolivia  − 2.61  0.31 60.7 − 0.09 0.21 3.83
Brazil  2.21  0.25  − 33.0 1.27 0.18 1.30
Central African Republic  − 4.04  0.52  109 0.33 0.24 3.46
Canada  3.32  0.24  − 45.2 0.11 0.17 0.99
Switzerland  2.19  0.24  − 32.8 0.75 0.17 0.75
Chile  2.40  0.26  − 35.2 − 0.39 0.18 1.89
China-Hong Kong  4.40  0.24  − 55.0 0.76 0.17 1.85
Cameroon  − 1.50  0.30  31.4 − 0.43 0.20 4.75
Colombia  − 0.45  0.26  8.51 0.63 0.19 2.62
Costa Rica  − 0.96  0.28  19.0 0.01 0.20 2.51
Denmark  1.67  0.24  − 26.1 0.81 0.17 0.88
Dominican Republic  − 1.45  0.29  30.1 − 0.49 0.21 2.30
Ecuador  − 1.09  0.29  21.9 0.06 0.20 2.76
Egypt  − 2.66  0.27  62.0 1.17 0.19 2.84
Spain  2.82  0.24  − 40.1 0.53 0.17 1.03
Ethiopia  − 2.45  0.33  55.9 − 1.15 0.23 12.76
Finland  0.82  0.25  − 13.8 1.39 0.18 0.65
France  3.69  0.24  − 48.8 0.68 0.17 0.83
United Kingdom  4.60  0.24  − 56.6 − 0.08 0.17 1.12
Ghana  − 0.51  0.32 9.78 − 1.50 0.22 6.01
Greece  − 0.68  0.25  13.1 0.75 0.18 1.66
Guatemala  − 2.28  0.29  51.2 − 0.03 0.20 3.83
Honduras  − 2.96  0.32  71.2 − 0.46 0.20 4.07
India  1.86  0.25  − 28.6 1.24 0.18 2.11
Ireland  2.54  0.24  − 36.9 − 0.33 0.18 0.90
Iran  − 2.35  0.31  53.4 1.20 0.23 2.98
Israel  1.78  0.27  − 27.6 − 0.01 0.20 1.30
Italy  3.48  0.24  − 46.9 0.85 0.17 0.76
Jamaica  − 2.04  0.30  44.8 − 0.50 0.19 2.77
Jordan  − 2.22  0.32  49.5 − 0.01 0.22 2.81
Japan  4.35  0.24  − 54.6 1.44 0.17 0.59
Kenya  − 0.82  0.27  16.0 − 0.58 0.19 7.34
Republic of Korea  3.64  0.24  − 48.3 1.00 0.17 0.76

Table 2—Estimation Results

Summary statistics
Observations TSS SSR  ​σ​ ϵ​ 2​ 
4,242 4,924 851 2.08

Geographic barriers
Barrier Parameter estimate Standard error % effect on cost

[0, 375)  − 4.66 0.21  133.3 
[375, 750)  − 5.60 0.14  177.1 
[750, 1,500)  − 6.16 0.09  206.3 
[1,500, 3,000)  − 7.22 0.06  271.3 
[3,000, 6,000)  − 8.44 0.04  363.9 
[6,000, maximum]  − 9.37 0.05  449.7 
Shared border  0.77 0.16  − 13.0 

Note: All parameters were estimated by OLS. For an estimated parameter ​   
 
 b​, the implied per-

centage effect on cost is 100 × (e− θ​ ̂  
 
 b​ − 1) with θ = 0.1818.

(continued  )
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Table 3 presents the estimated ​S​i​ terms and the recovered technology parameters. These values 
have more meaning relative to the values when the model is estimated with importer effects. 
Hence, I will delay my discussion.

B. A Comparison to the Model with Importer Fixed Effects

The alternative approach to generating asymmetries in trade costs is to use the functional form 
assumptions with an importer fixed effect. This is the same approach used in Eaton and Kortum 
(2001, 2002). Regarding the overall fit of the trade data, the model with importer fixed effects 
performs as well as the model with exporter fixed effects. In fact, it has the same fitted values.

Using importer fixed effects yields the same effects of distance and shared borders. Furthermore, 
the estimated value of a country’s importer fixed effects is the same as that country’s estimated 

Table 3—Country-Specific Estimates (benchmark model) (continued)

Country  e​x​i​ Standard error Percent cost ​   
 
 S​i Standard error

 ​​a​ 
​λ​us​ _ ​λ​i​

 ​ b​​
θ
​ 

Sri Lanka  0.98  0.30  − 16.3 − 1.48 0.22 4.44
Mexico  1.49  0.25  − 23.6 0.76 0.18 1.34
Mali  − 4.83  0.37  140 0.08 0.24 9.16
Mozambique  − 0.87  0.36  17.0 − 2.32 0.23 13.71
Mauritius  − 0.26  0.29  4.68 − 1.04 0.20 2.47
Malawi  − 3.04  0.36  73.7 − 0.71 0.24 10.42
Malaysia-Singapore  4.25  0.24  − 53.8 − 0.33 0.17 1.10
Niger  − 1.64  0.39  34.7 − 2.94 0.25 21.29
Nicaragua  − 3.55  0.34  90.5 0.09 0.21 3.03
Netherlands  4.38  0.24  − 54.8 − 0.75 0.17 1.17
Norway  0.38  0.25  − 6.6 0.92 0.18 0.94
Nepal  − 3.68  0.34  95.1 0.62 0.24 4.68
New Zealand  2.52  0.27  − 36.7 − 0.27 0.19 1.39
Pakistan  1.55  0.25  − 24.5 − 0.01 0.19 3.01
Panama  0.14  0.30  − 2.5 − 1.71 0.20 6.17
Peru  0.77  0.27  − 13.1 − 0.08 0.20 2.62
Philippines  1.03  0.26  − 17.0 − 0.12 0.18 2.44
Papua New Guinea  − 0.53  0.38  10.1 − 1.51 0.25 4.20
Portugal  0.37  0.25  − 6.4 0.61 0.18 1.17
Paraguay  − 2.38  0.31  54.2 0.26 0.21 3.53
Rwanda  − 5.76  0.42  184 0.24 0.25 10.17
Senegal  − 2.37  0.33  53.7 − 0.36 0.22 4.05
Sierra Leone  − 1.14  0.38  23.0 − 2.01 0.26 6.37
El Salvador  − 2.41  0.31  55.0 − 0.64 0.21 4.86
Sweden  1.86  0.25  − 28.6 1.07 0.18 0.70
Syrian Arab Republic  − 5.55  0.31  174 1.75 0.22 2.32
Togo  − 4.12  0.37  111 − 0.49 0.23 7.49
Thailand  2.61  0.26  − 37.7 0.15 0.18 1.70
Tunisia  − 2.26  0.29  50.9 1.29 0.21 1.23
Turkey  − 0.13  0.25  2.41 1.23 0.18 1.75
Uganda  − 3.35  0.36  83.6 − 0.27 0.24 6.29
Uruguay  0.14  0.28  − 2.51 − 0.31 0.20 2.04
Venezuela  − 0.19  0.29  3.43 − 0.16 0.20 3.38
South Africa  2.24  0.24  − 33.4 0.16 0.17 1.97
Zaire (DRC)  − 0.68  0.32  13.2 − 0.57 0.22 4.59
Zambia  − 0.79  0.34  15.3 − 1.05 0.24 4.23
Zimbabwe  − 1.73  0.29  36.8 0.14 0.20 3.64

Note: The parameters were estimated by OLS. For an estimated parameter ​   
 
 b​, the implied percentage effect on cost

is 100 × (e− θ​ ˆ 
 

 b​ − 1). Technology parameters, λi, are recovered as detailed in Section IV and θ = 0.1818.
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exporter fixed effect. The interpretation is different. Now a good imported by the United States 
costs 62 percent less than a good imported by the average country. In contrast, a good imported 
from Zimbabwe will cost 35 percent more than a good imported by the average country. These 
results are inconsistent with the arguments of Section II, which impose no restrictions on the 
form that trade costs can take.

The key difference between the two approaches is the estimated ​S​i​ s. Figure 3, panel A plots 
the ​S​i​ s when estimated from a model with exporter fixed effects versus income per worker data. 
Figure 3, panel B plots the ​S​i​ s when estimated from a model with importer fixed effects versus 
income per worker data. When the model is estimated with importer fixed effects, the ​S​i​s covary 
strongly with income per worker data.

Recall the interpretation of ​S​i​: they are a decreasing and monotonic function of the unit cost of 
a producer with the average productivity level in each country. For example, Figure 3(a) implies 
that the unit costs of a producer with the average productivity level are similar across countries. In 
contrast, Figure 3(b) implies that the unit costs of a producer with the average productivity level 
are strongly decreasing with the level of development. As discussed in Section III, the differences 
in how unit costs covary across countries maps into differences in the aggregate price of tradables 
and income differences, which I will discuss next.

VIII.  The Quantitative Implications of the Estimated Model

As an assessment of the model, I compare the implications of the model for moments not 
explicitly used in the estimation of the model. In all the results below, I used the estimated ​   

 
 λ​is 

and ​     τ​ij s, computed an equilibrium, and compared the model-implied aggregate price of tradables 
and variation in income per worker relative to the data.

Figure 2. Exporter Fixed Effect: Easy for Rich Countries to Export, Difficult for Poor Countries
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A. The Benchmark Model

Figure 4, panel A plots the prices from the benchmark model and the data. Broadly speaking, 
the prices from the model are in line with the data: both rich and poor countries have similar 
prices of tradable goods. There is room for improvement. The elasticity with respect to income 
level is approximately − 0.04, whereas in the data this elasticity is 0.15. There is also more vari-
ance in the data than in the model. I should emphasize the parsimony of my approach; there are 
many more degrees of freedom available to improve the model on a variety of dimensions that 
I did not use. Furthermore, the benefits of my approach should be compared to the alternative 
discussed below.
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Figure 3. Estimated ​S​i​ versus GDP per Worker
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As another assessment, I considered the model’s ability to quantitatively replicate the cross-
country income differences seen in the data. Figure 5 depicts the model’s income levels versus 
the data relative to the United States along with the 45° line. In Figure 5, the ordered pairs lie 
around the 45° line, suggesting that the model accurately captures the variation in income per 
worker across countries. For example, the model predicts that Uganda has an income level 1/27 
of the US level. In the data, Uganda has an income level 1/32 of the US level. As a measure of 
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Figure 4. Price Data and Model versus GDP per Worker
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dispersion for all countries, the variance of log income per worker in the model is 1.30 relative 
to 1.38 in the data, and the 90/10 percentile ratio is 25.6 in the model relative to 25.7 in the data.

B. The Implications of the Estimated Model with Importer Fixed Effects

Figure 4, panel B plots the prices from a model estimated with importer fixed effects. These 
prices systematically deviate from the data, with poor countries facing systematically higher 
prices relative to rich countries. For example, the elasticity with respect to income level is 
− 0.29.21 This is seven times larger than my model with an exporter fixed effect.

The model estimated with importer fixed effects does poorly at replicating the variation in 
income per worker: the variation of log income per worker is 2.46, and the 90/10 percentile ratio 
is 89.5. Recall that the variance of log income per worker and the 90/10 percentile ratio in the 
data are 1.38 and 25.6. The reason for the differing implications for cross-country income dif-
ferences relates to the results regarding prices. The model with an importer fixed effect results 
in systematically higher prices of traded goods for poor countries mapping into higher prices of 
nontraded goods ​p​ i​ y​. Because wages and rental income are deflated by ​p​ i​ y​ to compute real income 
per worker, this systematically lowers real income per worker for poor countries, resulting in an 
overprediction of income differences.

21 This outcome is similar to the results in Eaton and Kortum’s (2001) study of investment goods. They find that the 
estimated prices systematically deviate from the data, with poor countries facing higher prices relative to rich coun-
tries—similar to the outcome here. It is also similar to the criticism in Edward J. Balistreri and Russell H. Hillberry 
(2006) that Anderson and van Wincoop’s (2003) estimation predicts that the cost of living in Canada is 24 percent 
higher than in the United States and shows evidence to the contrary. In my estimation, the price of tradables in Canada 
is 2 percent lower than in the United States.

Figure 5. Income per Worker: Data and Benchmark Model
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C. A Brief Discussion

To clarify the forces driving these outcomes, recall that the model with importer fixed effects 
reconciles the fact that the United States imports more from Japan than Senegal by making unit 
costs of production (on average) lower in Japan than in Senegal. Figure 3(b) illustrates this. So 
prices paid for domestically produced goods are lower in Japan than in Senegal. But the data 
also say that Senegal imports a similar share of goods from the United States as does Japan. The 
model reconciles this fact by increasing the cost for Senegal to import relative to Japan’s cost to 
import. Thus, the prices paid for imported goods are higher in Senegal as well. Together, these 
implications mean the price index in Senegal is higher than in Japan—inconsistent with the data.

In contrast, my model with exporter fixed effects reconciles the differences in the United 
States’ import share from Japan relative to Senegal by manipulating each country’s export cost. 
The model reconciles the similarities in Japan’s and Senegal’s import share from the United 
States with similar unit costs of production. Figure 3(a) illustrates this. Thus, prices paid for 
domestic goods and imported goods in Japan and Senegal are similar, implying that the price 
index of tradables is similar in the two countries.

In general, the model’s implications for the price of tradable goods is highly robust to various 
parameterizations. I should note that the model’s implications for the variation in income per 
worker are sensitive to the calibration of γ. A larger γ in both models results in less variation in 
income per worker. I do not view this as a problem because the model should probably underpre-
dict the variation in income per worker. Hence, with larger values of γ, my model is more in line 
with the data than alternative approaches. I say that because I assumed no productivity differ-
ences in the nontradable sector. Allowing for this source of variation would increase the variation 
in income per worker.

IX.  How Do Trade Costs Affect Income Differences?

In this framework, income differences are driven by differences in technologies, endow-
ments, and trade costs. Trade costs prevent countries from specializing in their comparative 
advantage and hence amplify productivity differences relative to those in a world with no trade 
costs. Given that my model can replicate important features of the data, I now explore the 
quantitative importance of trade costs to understanding the large measured productivity differ-
ences across countries.

A. Eliminating Asymmetries in Trade Costs Reduces Income Differences

In this section, I will study two exercises that focus on eliminating the systematic asymmetry 
in trade costs. A way to view this systematic asymmetry is like a “wedge” or deviation from a 
benchmark model with only symmetric trade costs, in the spirit of V. V. Chari, Patrick J. Kehoe, 
and Ellen R. McGrattan (2007). And these exercises quantify the importance of these wedges for 
understanding income differences across countries.

In the first experiment, I adjusted trade costs so the new costs to trade between two countries 
are ​     τ​ij = min(​τ​ij​, ​τ​ji​). Given how the recovered trade costs impact poor countries relative to rich 
countries, the premise is that costs above this minimum reflect some extra distortion one country 
faces while the other does not and that these distortions, unlike distance, are not natural. With 
the new trade costs, the variation in log income per worker declines to 1.05 and the 90/10 ratio is 
only 17.3. Cross-country income differences decline by up to 31 percent relative to the baseline 
model. In this exercise, the new trade costs are still large. For example, the median trade cost is 
192 percent for all countries, which is twice the value reported in Anderson and van Wincoop 
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(2004) for a developed country. Table 4 also reports the average gain in income per worker. All 
countries gain—but poor countries gain relatively more than rich countries.

As another experiment, I endow all countries with the same effective distance costs OECD 
countries face among themselves. The premise is that the costs to trade between OECD coun-
tries are relatively closer to free trade than the entire sample. Table 4 presents the results. In this 
experiment, the variance in log income per worker is reduced by 13 percent and the 90/10 ratio 
is reduced by 23 percent.

To put these two exercises in perspective, compare these gains relative to a world with no 
trade costs. In this world, the variation in log income per worker is only 0.76 and the 90/10 
ratio is 11.4. Eliminating the asymmetry or moving toward OECD trade costs delivers 59 and 
41 percent of the reduction in income differences relative to complete elimination of trade 
costs. Or at the other extreme, if trade costs were set to infinity, the variance of log income 
per worker increases to only 1.35. The systematic asymmetry in trade costs is so punitive that 
removing it takes the economy from basically autarky to over 50 percent of the way relative to 
frictionless trade.

B. On The Mechanics Behind Reductions in Income Differences

Differentials in the pattern of specialization between rich and poor countries drive reductions 
in income differences. To see this, I show in the online Appendix and in Waugh (2009) that start-
ing from (12) the definition of PWT real GDP per worker in the model can be expressed as

(13) 	​  y​i​  =  ​A​i  ​​k​ i​ α​,  with  ​A​i​  =  ​X​ ii​ 
​ − θ(1 − γ) _ β  ​​​λ​ i​ 

​ θ(1 − γ) _ β  ​​.

Real GDP per worker is similar to a standard one-sector growth model with a TFP term and 
capital-labor ratio taken to a power term. Here, measured TFP is decomposed into an endogenous 
trade factor, ​X​ ii​ − θ(1−γ)/β​, and an exogenous domestic factor, ​λ​ i​ θ(1−γ)/β​.22

When trade costs are infinite, countries are unable to specialize and must produce all goods 
domestically. Hence, ​X​ii​ = 1 and TFP becomes ​λ​ i​ θ(1−γ)/β​. Given how efficiency levels are distrib-
uted in the production of tradable goods, each country’s average efficiency level is ​λ​ i​ θ​ taken to the 
power (1 − γ)/β.23 When trade costs are finite, countries are able to specialize and import some 
goods from relatively more efficient producers. Hence, ​X​ii​ < 1 and each country’s gain from 
trade in the form of increased TFP is ​X​ ii​ − θ(1−γ)/β​.

22 Independently, Andrea Finicelli, Patrizio Pagano, and Massimo Sbracia (2009) developed a similar approach to 
measure how much international competition raised manufacturing TFP for OECD countries.

23 These power terms reflect the fact that tradables operate like intermediate goods. For example, if γ = 0, then this 
expression is similar to an open-economy version of Jones (2008), with technology differences amplified to the power 
1/β reflecting a multiplier because intermediates are used to produce intermediates. In my model, this multiplier is 
dampened because tradables are only 1 − γ of total output.

Table 4—Income Differences with Counterfactual Trade Costs

Baseline Autarky  min(​τ​ij​,​τ​ji​) OECD τ  ​τ​ij​ = 1 

var [log(y)] 1.30 1.35 1.05 1.13 0.76

​y​90​ / ​y​10​ 25.7 23.5 17.3 19.8 11.4

Mean change in y, percent  —  − 10.5 24.2 10.0 128.0
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Equation (13) implies that the only way for income differences to decline is with ​X​ii​ changing 
more for poor countries relative to rich countries. Observation 1 argued that ​X​ii​ is similar across 
rich and poor countries. Asymmetries in trade frictions are the reason for this. When these asym-
metries are removed, poor countries’ ​X​ii​ decline more than rich countries’ ​X​ii​. This means that 
poor countries drop more unproductive activities and scale up the productive activities relative to 
rich countries. This differential change in activities results in a relative increase in measured TFP 
and a reduction in income differences.

X.  Robustness Checks and Alternative Evidence

A. Price Data: A Robustness Check

My arguments depend critically on how aggregate prices covary with a country’s level of 
development. There are concerns regarding the accuracy of prices collected from the International 
Comparison Programme (ICP); see the discussion in Hsieh and Klenow (2007b). The issue is 
that if these prices are mismeasured, then for it to matter there must be a systematic measurement 
error with respect to a country’s level of development. Given this observation, at minimum I can 
ask: What degree of systematic measurement error is necessary to reverse my results?

A simple way to answer this question is in terms of the elasticity of prices with respect to the 
level of development. Recall equation (5): ​τ​ij​/τji = (​X​ij​ ​X​ii​/​X​ji​ ​X​jj​)− θ (​p​i​/pj)2. Define ​ρ​X​ as the 
elasticity of ​X​ij​​ X​ii​/​X​ji​​ X​jj​ with respect to relative income level ​y​j​/​y​i​ and ρp as the elasticity of ​p​i​/​p​j​ 
with respect to ​y​j​/​y​i​. Equation (5) implies that ​ρ​τ​ , the elasticity of ​τ​ij​/​τ​ji​ with ​y​j​/​y​i​, is

(14) 	  ​ρ​τ​  =  − θ​ρ​X​  +  2ρp.

Given equation (14), I can ask the following questions: What price elasticity, ρp, is necessary to 
change my argument, and what is the implied magnitude of systematic measurement error?

Table 5 presents the results. The first column ρp is the data and the implied ​ρ​τ​  . The second 
column considers the case if prices were equalized. Here, trade costs would still be systemati-
cally asymmetric with respect to a country’s level of development. The third column considers 
the case necessary to yield symmetric trade costs. In this case, the elasticity of prices with respect 
to income level would have to be 0.21—almost the complete opposite value seen in the data. To 
illustrate the magnitude, consider a country with 1/30 the income level of the United States. In 
the data, this country would have a tradable goods price approximately 1/2 of the US level. This 
thought experiment suggests that a country with 1/30 the US income level should face a trad-
able goods price two times larger than the US value. That is, these prices must be systematically 

Table 5—Robustness of Asymmetric Trade Costs

Counterfactual price elasticities

Data pi = pj Symmetry

ρp − 0.23 0 0.21
ρτ − 0.87 − 0.41 0

Note: Variable ρp is the elasticity of the relative price of tradables with respect to relative 
income level. Variable ρτ is simply computed from equation (14), and ρx is 2.30 and the same 
under all experiments.
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mismeasured by more than 337 percent for this result to disappear. This suggests the magnitude 
of systematic measurement error by the ICP would have to be dramatic.24

B. Alternative Evidence on Asymmetric Trade Costs

Matched bilateral trade flows from the International Monetary Fund’s (IMF) Direction of 
Trade Statistics provide alternative and model free evidence consistent with my arguments. This 
database provides bilateral trade flows for the f.o.b. (free on board) value of exports between 
countries and the c.i.f. (cost, insurance, freight) value of imports between countries.25 This is 
useful because the ratio of the c.i.f. value relative to the f.o.b. value provides a direct (though 
imperfect) measure of trade costs between countries, which I will denote as ​t​ij​  .26

To explore these direct measures of trade costs, I ran the regression: log(​t​ij​) = ​d​k​ + ​b​ij​ +
​ρ​im,y​ log(​y​i​) + ​ρ​ex,y​ log(yj). Variables ​d​k​ and ​b​ij​ control for distance and shared border as described 
in Section IV. The key variables are the last two: importer and exporter income per worker.

The estimates of ​ρ​im,y​ and ​ρ​ex,y​ are 0.05 and − 0.08, and both are statistically different than zero. 
If these estimates were the same, then there would be no systematic asymmetry in trade costs. 
Since ​ρ​ex​ < ​ρ​im​, the implication is that poor countries face systematically higher costs to export 
their goods relative to rich countries. For concreteness, Zimbabwe has 1/10th the income level of 
the United States. These estimates imply that Zimbabwe will face a trade cost that is 37 percent 
higher to export to the United States than for the United States to export to Zimbabwe. To sum-
marize, these data provide direct evidence consistent with my arguments.

Other Evidence.—Data on policy barriers to trade also support my view of trade costs. Marcelo 
Olarreaga, Alessandro Nicita, and Hiau Looi Kee (2006) estimate trade restrictiveness indices 
from data on both tariff and nontariff barriers for a large set of developed and undeveloped coun-
tries. These indices summarize the multitude of barriers that exist in a compact format. They find 
that poor countries systematically face the highest trade barriers on their export bundle—similar 
to the asymmetry in trade costs here.

Mauricio M. Moreira, Christian Volpe, and Juan S. Blyde (2008) provide evidence on transpor-
tation costs that supports my view of trade costs. They study transportation costs in Latin America 
and find that the shipping cost to export from a Latin American country to the United States is 
70 percent higher than the shipping cost to export from the Netherlands to the United States. This 
is in spite of the fact that the Latin American countries considered are closer to the United States 
than the Netherlands. More important, they argue that more than 40 percent of this difference can 
be attributed to variables such as infrastructure, which policymakers have some control over.

Finally, policies in poor countries could create this effect as well. Export marketing boards are 
one possible source of this distortion. These boards place a wedge between the price at which 

24 A related issue is that the price data are not producer prices but retail prices. This fact would affect my arguments 
only if distribution costs were positively correlated with level of development, i.e., poor countries have lower distribu-
tion costs than rich countries. In this sense, unobserved distribution costs are isomorphic to systematic measurement 
error discussed here. The evidence regarding distribution costs is limited, but it suggests the opposite pattern: Burstein, 
Joao C. Neves, and Sergio Rebelo (2003) find that the distribution costs in Argentina are 50 percent higher than in the 
United States.

25 The f.o.b. value is basically the quantity times the price of the goods if sold in the exporting country. The c.i.f. 
value is basically the quantity times the price of the goods sold in the importing country. In theory, these values should 
be based on border prices, i.e., the prices of the goods at each country’s border. In reality, these values are based on final 
destination prices as Nuno M. Limao and Venables (2001) argue.

26 David Hummels and Volodymyr Lugovskyy (2006) raise concerns about the possibility of measurement error 
in these data. To help alleviate these concerns, I computed ​t​ij​ as the average over the years 1994 to 1996 for the set of 
countries in my sample. Furthermore, I eliminated any values less than 1 implying negative trade costs, and I dropped 
values equal to 1.10 because this is the value the IMF uses to impute missing data on either the f.o.b. or c.i.f. side.
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producers sell goods and the price at which the good is exported. Anne O. Krueger, Maurice 
Schiff, and Alberto Valdes (1988) argue that these costs can constitute up to 50 percent or more 
of the border price of exportables and that these marketing boards are prevalent in developing 
countries. Furthermore, any differential treatment of exporters versus domestic producers could 
create this effect as well; see Krueger, Schiff, and Valdes (1988) for a variety of examples.

C. Evidence from Trade Liberalizations

To provide more support for my model, I considered the model’s implications relative to an 
observed trade liberalization. I considered Chile because it had a large unilateral trade liberaliza-
tion; beginning in March 1974, it reduced the average tariff rate from 105 percent to 20 percent in 
1977. For the time period 1983–1985, Chile briefly deviated and increased its uniform tariff rate 
to 35 percent, but by 1996 Chile had a uniform tariff rate of 10 percent. Chile continued to reduce 
its tariff rate further with a simple average tariff rate of just under 5 percent in 2007.27

Figure 6 plots total imports relative to GDP data for Chile over this same time period from 
1960 to 2007. Note that imports relative to GDP increased from about 8 percent in 1973 (prior to 
the liberalization) to nearly 25 percent in 1996 and 28 percent in 2007.

As a test of my model, I performed the following experiment. First, I computed the equilibrium 
for the model calibrated to 1996 data as described throughout the paper. I then changed the cali-
brated trade costs for Chile to import goods by the same amount that Chile’s average tariff rate in 
2007, 1984, 1977, and 1973 changed relative to the 1996 level. All other calibrated and estimated 
parameters are kept constant. With the changes in trade costs, I then recomputed the equilibrium 
and studied how much trade changed. The circles in Figure 6 summarize these results by plotting 

27 See Vittorio Corbo (1997) and Sebastian Edwards and Daniel Lederman (1998) for pre-1996 tariff data. See the 
World Bank’s World Trade Indicators (www.worldbank.org/wti2008) for more recent data.

Figure 6. Chilean Trade Liberalization and Predictions from the Model
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Chile’s import to GDP ratio in the calibrated model for the year 1996 and the model’s predicted 
import to GDP ratio when tariffs change.

Overall, the model does a reasonable job predicting the changes in trade when actual changes 
in policies are studied. The importance of this exercise is that it speaks to my model’s elasticity 
of trade with respect to changes in trade barriers, and this same elasticity maps into the response 
of income with respect to trade barriers. Because of the model’s performance, it provides further 
support for my results.

XI.  Conclusion

I have argued that systematically asymmetric trade frictions are necessary to reconcile both 
price and quantity data in a standard model of international trade. Furthermore, these asymme-
tries are quantitatively important to understanding cross-country income differences. In a sense, 
my arguments outline a puzzle that has nontrivial implications: What are these asymmetries in 
the trade costs between rich and poor countries? Though direct evidence supports this pattern 
of trade costs, I will suggest two routes to further understand this puzzle that are complements 
rather than substitutes. One is better theory, i.e., some of these frictions may be reduced-form 
representations of equilibrium responses to the fundamentals faced by agents; e.g., the model of 
Fieler (2009) with nonhomothetic preferences is an example. An alternative route is better mea-
surement. Measuring bilateral trade flows in value added, exploiting disaggregate trade flows, 
and disaggregate measures of tariff and nontariff barriers are all possible avenues for future 
research as well.
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