
Federal Reserve Bank of Dallas 
Globalization and Monetary Policy Institute  

Working Paper No. 139 
http://www.dallasfed.org/assets/documents/institute/wpapers/2013/0139.pdf 

 
Trade Barriers and the Relative Price Tradables* 

 
Michael Sposi 

Federal Reserve Bank of Dallas 
 

February 2013 
 

Abstract  
In this paper I quantitatively address the role of trade barriers in explaining why prices of 
services relative to tradables are positively correlated with levels of development across 
countries. I argue that trade barriers play a crucial role in shaping the cross-country pattern 
of specialization across many heterogenous tradable goods. The pattern of specialization 
feeds into cross-country productivity differences in the tradables sector and is reflected in 
the relative price of services. I show that the existing pattern of specialization implies that 
the tradables-sector productivity gap between rich and poor countries is more than 80 
percent larger than it would be under free trade. In turn, removing trade barriers would 
eliminate 64 percent of the disparity in the relative price of services between rich and poor 
countries, without systematically altering the cross-country pattern of the absolute price of 
tradables. 
 
JEL codes: F1, O4 
 

                                                 
* Michael Sposi, Research Department, Federal Reserve Bank of Dallas, 2200 N. Pearl Street,            
Dallas, TX 75201. 214-922-5881. michael.sposi@dal.frb.org. I thank B. Ravikumar for his continual 
guidance and Raymond Riezman for his many suggestions. Special thanks also go to Mario Crucini and 
Hakan Yilmazkuday for sharing their micro-level estimates of distribution margins. This paper also 
benefited greatly from comments made by Elias Dinopoulos, Alex Monge-Naranjo, Sergio Rebelo, Ina 
Simonovska, Gustavo Ventura, Jing Zhang, and audiences at the Dallas Fed, St. Louis Fed, University of 
Iowa and the Fall 2012 Midwest Macroeconomics Meetings. Valerie Grossman provided excellent research 
assistance. All errors are my own. The views in this paper are those of the author  and do not necessarily 
reflect the views of the Federal Reserve Bank of Dallas or the Federal Reserve System. 



1 Introduction

In this paper I investigate the role that trade barriers play in explaining why prices of services

relative to tradables are positively correlated with levels of development across countries.

My main message is that trade barriers are crucial in shaping the cross-country pattern of

specialization across many heterogenous tradable goods. The pattern of specialization is

key in determining cross-country productivity differences in the tradables sector, and these

productivity differences are reflected in the relative price of services. I show that the existing

pattern of specialization implies that the tradables-sector productivity gap between rich and

poor countries is more than 80 percent larger than it would be if there were no barriers to

trade. In turn, removing trade barriers would eliminate 64 percent of the disparity in the

relative price of services between rich and poor countries. In particular, moving to free trade

does not systematically alter the cross-country pattern in the price of tradables, but it does

result in a large reduction in the gap in the price of services between rich and poor countries.

I construct aggregate prices for 103 countries for the year 2005 using detailed disaggregate

price data from the 2005 International Comparison Program, World Bank Development

Data Group (ICP from now on). I investigate country-specific PPPs at the retail level for

101 “Basic Headings” categories. I classify the Basic Heading categories into two groups:

goods and services. Broadly speaking, goods correspond to merchandise, while services are

intangible.

The ICP data are collected at the retail level which means that the observed prices

include a distribution margin. Thus, within “goods” I distinguish between retail goods and

tradable goods: retail goods are the products that result from combining tradable goods

with a distribution margin from the local dock (if the good is imported) or from the factory

gate (if the good is purchased domestically) to the final consumer. As a result, within each

country, the price of retail goods is different from the price of purely tradable goods. For

each country I construct two prices from Basic Headings data: one for services and one

for retail goods. The 2005 Benchmark study of the Penn World Tables, which is based on

ICP data, provides comparable prices across countries for a category called “Machinery and

equipment”. I take the price of Machinery and equipment to be my benchmark measurement

for the price of purely tradable goods for two reasons. First, Machinery and equipment are

highly traded and have a substantially smaller distribution margin than consumption goods

(Burstein, Neves, and Rebelo, 2004). Second, I prefer to use a parameter-free measurement

of the price of tradables as my benchmark. In section 4.2 I compare this proxy of the price of

tradables to parametric alternatives that rely on stripping away the distribution margin from

retail goods prices. By appealing to independent estimates of distribution margins in the
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literature I show that the parametric constructions also lead to aggregate prices of tradables

that are uncorrelated with development.

Figure 1 plots the price of services relative to retail goods against income per worker for

103 countries. The elasticity of the price of services relative to retail goods with respect to

income per worker is 0.27.1 Prices of services co-vary more intensely with development than

prices of retail goods do. The price elasticity of services is 0.49 while the price elasticity of

retail goods is 0.22, see figure 2. The price elasticity of tradables (Machinery and equipment)

is 0.02, and not significantly different from zero, see figure 3a. This implies that the elasticity

of the price of services relative to tradables is 0.47, see figure 3b. Further empirical docu-

mentation of relative prices can be found in Kravis and Lipsey (1988), and Heston, Nuxoll,

and Summers (1994). More recently, using disaggregate data, Marquez, Thomas, and Land

(2012) show that prices of services tend to be highly correlated with levels of development,

while prices of tradables have little-to-no correlation with development. They show that this

observation remains robust even after removing goods and services that are ”comparison

resistant” across countries – for reasons that may stem from cross-country differences in

quality for instance.

Figure 1: Price of services relative to retail goods. Prices are constructed for 103 countries
using Basic Headings data from the 2005 International Comparison Program.
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It is important to understand the fundamental sources of what causes differences in

1Throughout the paper, the elasticity of a price P with respect to income per worker y is the estimate of
ρ from the following least squares regression across countries i = 1, . . . , I: log(Pi) = a + ρ log(yi) + ϵi.
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Figure 2: Prices of services and retail goods. Prices are constructed for 103 countries using
Basic Headings data from the 2005 International Comparison Program.

(a) Price of services.
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(b) Price of retail goods.
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Figure 3: Price of tradables. I use the category “Machinery and equipment” from the 2005
ICP as a stand in for tradables.

(a) Price of tradables.
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(b) Price of services relative to tradables.
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relative prices across countries for at least two reasons. First, relative prices lie at the heart

of understanding real exchange rates (see for instance Burstein, Eichenbaum, and Rebelo,

2005). Second, relative prices play a crucial role in understanding income differences across

countries (Restuccia and Urrutia, 2001; Eaton and Kortum, 2002; Hsieh and Klenow, 2007).

An early explanation as to why relative prices co-vary positively with development is due

to Balassa (1964) and Samuelson (1964), the celebrated Balassa-Samuelson hypothesis. The

theory implies that larger cross-country productivity differences in tradables than in nontrad-

ables result in larger cross-country differences in the price of nontradables than in the price

of tradables. The intuition is as follows. Free trade and no arbitrage force the price of trad-

ables to be equal across countries. Tradables-sector productivity is higher in rich countries

than in poor countries resulting in higher wages in rich countries, and therefore, higher pro-

duction costs. Mobility of homogeneous labor across sectors leads to higher production costs

in rich countries’ nontradables sector. This, coupled with small cross-country productivity

differences in nontradables, results in a higher price of nontradables in rich countries than

in poor countries. In particular, in each country, the relative price of nontradables is equal

to the inverse of its relative productivity. Herrendorf and Valentinyi (2012) argue that the

Balassa-Samuelson effect holds in a large cross section of countries: measured cross-country

productivity differences are larger in tradables than in nontradables.

Bergin, Glick, and Taylor (2006) argue that the cross-country productivity gap is higher

in tradables than in nontradables because more productive firms drive out less productive

firms, and more productive firms tend to produce tradable goods. Buera, Kaboski, and Shin

(2011) argue that financial frictions result in a misallocation of productive resources across

sectors resulting in larger cross-country productivity differences in goods than in services.

I argue that existing trade barriers result in a misallocation of the production of tradable

goods and thus magnify the cross-country productivity gap in tradables. To this end, my

paper encompasses the Balassa-Samuelson argument by providing a mechanism for which

productivity differences in the tradables sector endogenously arise. However, my paper does

not rely on the free trade assumption. In fact, I interact my model with data on bilateral

trade in order to measure trade barriers, and the model in turn produces relative prices that

are inline with the data in spite of, and more importantly as a result of, the fact that the

calibrated trade barriers are nontrivial.2

A related strand of literature focusses exclusively on cross-country variation in the prices

2Waugh (2010) shows that that, in order to be simultaneously consistent with aggregate prices of tradable
goods and the pattern of bilateral trade within a gravity framework, poor countries must face systematically
larger barriers to export than rich countries. He then shows the implications that this particular pattern of
trade barriers has for aggregate TFP and cross-country income differences.
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of retail goods. Simonovska (2010) focuses on the positive correlation between prices of

tradables (at the retail level) and levels of development. Using evidence from a particular

apparel exporter, she shows that price discrimination across destinations is quantitatively

important. Giri (2012) shows that incorporating distribution margins into a Ricardian model

of trade with trade barriers can help explain the cross-sectional pattern of prices of retail

goods across countries. Crucini and Yilmazkuday (2009) study retail price dispersion across

international cities. They develop a two-sector, multi-city, general equilibrium model with

a large number of goods and good-specific distribution margins. They use their model to

estimate distribution margins for each good and quantify the importance of both trade costs

and distribution costs on deviations from the law of one price.

I construct a multi-country model of trade with a continuum tradable goods. Each

country has technologies for producing each tradable good, a composite good, nontradable

services, and retail goods. Production of all tradables and services requires capital, labor,

and intermediate inputs. Intermediate inputs consist of services and the composite good.

Each country’s level of efficiency for each tradable good is a random draw from a Fréchet

distribution. Countries differ in their average efficiency across tradable goods and also face

asymmetric bilateral trade barriers. Countries also differ in their services productivity. Each

country purchases each tradable good from its least cost supplier, and all tradable goods

are aggregated to form the composite good. Retail goods are constructed by applying a

distribution margin, in the form of services, to the composite good. Finally, retail goods and

services are used for final consumption. In equilibrium, each country produces only a subset

of the tradable goods. Therefore, measured productivity in the tradables sector depends on

the subset of goods produced, and the subset depends on the pattern of trade barriers.

I apply the model to a set of 103 countries for the year 2005. I quantitatively discipline

the parameters of the model to be consistent with the observed pattern of bilateral trade

and cross-country relative levels of development. Novel to the model is the feature that

productivity in tradables depends crucially on the trade barriers. The calibration implies

that poor countries face larger trade barriers than rich countries do. The resulting pattern

of specialization leads to cross-country productivity differences in tradables that are twice

as large as cross-country productivity differences in services.

The calibrated model reproduces the positive correlation between the prices of services

and levels of development: the price elasticity of services (with respect to income per worker)

is 0.59 in the model and is 0.49 in the data. The model replicates the distribution of the

price of tradables almost perfectly: the price elasticity of tradables is 0.01 in the model and

is 0.02 in the data. In the model, the price of retail goods is a geometric average of the

price of services and the price of tradables, with the weight on the price of services equal to

6



the distribution margin. Thus, the model slightly over-states the difference in the price of

retail goods between rich and poor countries: the price elasticity of retail goods is 0.30 in

the model and is 0.22 in the data.

Through counterfactuals I find that a complete removal of trade barriers would elimi-

nate 64 percent of the difference in the price of services relative to tradables between rich

and poor countries. Removing trade barriers has two effects. First, it results in identical

prices of tradables across countries (PPP holds) so the price of tradables is uncorrelated

with development both in the baseline and under free trade. Second, free trade leads to all

countries reallocating resources towards the production of goods for which they have a com-

parative advantage, thereby changing the pattern of specialization and increasing measured

productivity in the tradables sector. Since poor countries face larger trade barriers, their

wages increase relative to wages in rich countries. Cross-sector labor mobility implies that

the prices of services increase in poor countries relative to rich countries. As a result, the gap

in the price of services relative to tradables between rich and poor countries declines when

moving to free trade. Moreover, removing only the systematic differences in trade barriers

across countries eliminates about half of the disparity in the difference in the relative price

of services between rich and poor countries.

The remainder of the paper is laid out as follows. I describe the multi-country model in

section 2 and discuss the qualitative mechanics of how trade barriers affect relative prices

in section 3. Section 4 describes the calibration as well as the main quantitative results and

counterfactual implications of removing trade barriers. In section 5 I consider departures

from the baseline model and conclude in section 6.

2 Model

The model builds on the framework of Eaton and Kortum (2002), Alvarez and Lucas (2007),

and Waugh (2010). There are I countries indexed by i = 1, . . . , I. There are three sectors:

tradable goods, retail goods, and services. The tradables sector is denoted by t, the retail

goods sector is denoted by r, and the service is sector denoted by s. Each country i admits

a representative household that is endowed with a measure Ni of workers. Each worker has

a human capital level of hi. Effective labor is denoted by Li = Nihi. The representative

household owns its country’s capital stock, denoted by Ki. Both capital and labor are

immobile across countries but perfectly mobile across sectors. Earnings from capital and

labor are spent on consumption of retail goods and services.

Within the tradables sector there is a continuum of individual goods that are each poten-

tially tradable across countries. Individual tradable goods are aggregated into a composite
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good. Each individual tradable good is produced using capital, labor, the composite good,

and services. Services are produced using capital, labor, the composite good, and services as

well. Services are combined with the composite good to construct retail goods. Neither retail

goods nor services are tradable. From now on, where it is understood, country subscripts

are omitted.

I choose world GDP to be the numéraire of the economy, i.e.,
∑

i wiLi + riKi = 1, where

wi and ri denote the rental rates for labor and capital respectively in country i. Hence, all

units are expressed in terms of world output.

2.1 Technologies

There is a continuum of individual tradable goods indexed by x ∈ [0, 1], and each individual

good is potentially tradable.

Composite intermediate good All individual tradable goods along the continuum

are aggregated into a composite intermediate good T according to

T =

(∫
qt(x)

η−1
η dx

) η
η−1

.

where qt(x) denotes the quantity of good x.

Individual tradable goods Each country has access to technologies for producing

each individual tradable good as follows

ti(x) = zi(x)−θ
(
Kti(x)αLti(x)1−α

)νt
(
Sti(x)σtTti(x)1−σt

)1−νt
.

For each factor used in production, the subscript denotes the sector that uses the factor, and

the argument in the parentheses denotes the index of the good along the continuum. For

example, Kti(x), Lti(x), Sti(x), and Tti(x) respectively denote the amounts of capital, labor,

services, and composite good that country i uses to produce tradable good x. The parameter

νt ∈ [0, 1] determines the share of value added in gross production, σt ∈ [0, 1] determines the

share if services in intermediate inputs, while α ∈ [0, 1] determines capital’s share in value

added.

As in Alvarez and Lucas (2007), zi(x) represents country i’s cost of producing good x,

which is modeled as an independent random draw from an exponential distribution with

parameter λi > 0 in country i. This implies that zi(x)−θ, country i’s level of efficiency in

producing good x, has a Fréchet distribution. The expected value of zi(x)−θ is λθ
i , so average
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efficiency across the continuum of goods is λθ
i .

3 If λi > λj, then on average, country i is

more efficient than country j. The parameter θ > 0 governs the coefficient of variation in

efficiency across the continuum. A larger θ implies more variation in efficiency levels, and

hence, more room more specialization.

Since the index of the good x is irrelevant, from now on I follow Alvarez and Lucas (2007)

and identify each individual good x by its vector of cost draws: z = (z1(x), z2(x), . . . zI(x)).

I denote country i’s density for cost draws by φi(z).

Services Services are nontradable and are produced using capital and labor in addition

to two intermediate inputs: services and the composite good.

Si = Asi

(
Kα

siL
1−α
si

)νs
(
Sσs

si T 1−σs
si

)1−νs
.

The term Asi denotes country i’s productivity in the services sector.

Retail goods Retail goods are constructed by combining the composite good together

with domestic services.

Ri = Sσr
ri T 1−σr

ri .

This technology makes explicit the idea that a domestic service margin is applied to trad-

able goods (the composite good) after trade has taken place. The parameter σr ∈ [0, 1]

corresponds to the distribution margin.

2.2 Preferences

The representative household derives utility from consuming retail goods and services as

follows:

Ci = Cσc
si (Cri − Nic̄r)

1−σc .

The terms Cs and Cr denote aggregate consumption of services and retail goods respectively.

The term c̄r denotes a subsistence level (per worker) for consumption of retail goods and is

constant across countries.

2.3 International trade

Country i purchases each individual tradable good from its least cost supplier. The purchase

price depends on the unit cost of the producer, as well as trade barriers.

3In equilibrium, each country produces only a subset of these goods and imports the rest. Therefore,
average measured productivity is endogenous because it depends on the set of goods produced.
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Barriers to trade are denoted by τij, where τij > 1 is the amount of goods that country

j must export in order for one unit to arrive in country i. As a normalization I assume that

there are no barriers to ship goods domestically; that is, τii = 1 for all i. I also assume that

the triangle inequality holds: τijτjl ≥ τil.

2.4 Equilibrium

I focus on a competitive equilibrium. Informally, a competitive equilibrium is a set of prices

and allocations that satisfy the following conditions: 1) The representative household max-

imizes utility, taking prices as given 2) firms maximize profits, taking prices as given, 3)

domestic goods and factor markets clear and 4) trade is balanced in each country. In the

remainder of this section I describe each condition from country i’s point of view.

2.4.1 Household optimization

At the beginning of the time period, the capital stock is rented to domestic firms in each

sector at the competitive rental rate ri and labor is supplied domestically at the wage rate

wi. At the end of the period, factor income is spent on consumption of services and retail

goods which have respective prices Psi and Pri. Therefore the representative household faces

the following budget constraint.

PsiCsi + PriCri = wiLi + riKi.

Utility maximization implies that the representative household optimally allocates ex-

penditures as follows:

PsiCsi = σc(wiLi + riKi − PriNic̄r)

PriCri = (1 − σc)(wiLi + riKi − PriNic̄r) + PriNic̄r.

I restrict the parameter c̄r such that the representative household in each country has enough

income to cover the subsistence requirement, i.e., wiLi + riKi > PriNic̄r for all i.

I define an optimal price for discretionary consumption, Pci, such that: PciCi = PsiCsi +

Pri(Cri − Nic̄r). I show in appendix C that

Pci = BcP
σc
si P 1−σc

ri , (1)

where Bc = (σc)
−σc (1 − σc)

σc−1.
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2.4.2 Firm optimization

Denote the price for an individual tradable good z that was produced in country j and

purchased by country i by ptij(z). Then, ptij(z) = ptjj(z)τij, where ptjj(z) is the marginal

cost of producing good z in country j. Since each country purchases each individual good

from its least cost supplier, the actual price in country i of good z is pti(z) = min
j=1,...,I

[ptjj(z)τij].

The price of the composite good is

Pti =

(∫
pti(z)1−ηφ(z)dz

) 1
1−η

,

where φ(z) is the joint density of cost draws across countries.

I explain how to derive the prices for each country in appendix C. Given the assumption

on the country-specific densities, φi, the model implies that

Pti = γBt
uti(
λi

πii

)θ
, (2)

where uti =
(
rα
i w1−α

i

)νt
(
P σt

si P 1−σt
ti

)1−νt
is the unit cost for a factor bundle faced by pro-

ducers of tradables in country i. The term Bt = (ανt)
−ανt((1 − α)νt)

(α−1)νt(σtνt)
−σtνt((1 −

σt)νt)
(σt−1)νt is constant across countries. Finally, the term γ = Γ (1 + θ(1 − η))

1
1−η is also

constant across countries, where Γ(·) is the Gamma function. I restrict parameters such that

γ > 0. Note that the price in country i is the unit cost of inputs in country i, divided by

country i’s average productivity, multiplied by technological parameters that are constant

across countries.4

The price of services is simply the unit cost of inputs, divided by productivity, scaled by

technological parameters:

Psi = Bs
usi

Asi

.

The term usi =
(
rα
i w1−α

i

)νs
(
P σs

si P 1−σs
ti

)1−νs
is the cost of a factor bundle faced by produc-

ers of services in country i and Bs = (ανs)
−ανs((1−α)νs)

(α−1)νs(σsνs)
−σsνs((1−σs)νs)

(σs−1)νs

is constant across countries.

Finally, producers of retail goods in country i apply a distribution margin to the com-

posite good (the basket of tradables) by using domestic services. The result is that the price

of retail goods takes the following form.

Pri = BrP
σr
si P 1−σr

ti ,

where Br = (σr)
−σr(1 − σr)

σr−1 and σr is the distribution margin.

4Average productivity in tradables is (λi/πii)θ. This differs from average efficiency across the entire
continuum of goods λθ

i since, in equilibrium, country i specializes in a subset of goods for which it is
comparatively “good” at producing. The measure of such goods is captured by πii.

11



Trade flows Each country purchases each individual tradable good from its least cost

supplier. The fraction of country i’s expenditures on tradable goods from country j is given

by:

πij =
(utjτij)

−1/θ λj∑
l

(utlτil)
−1/θ λl

. (3)

An alternative interpretation of πij is that it is the fraction of tradable goods that j supplies

to i, or by the law of large numbers, πij is the probability that for any individual tradable

good, country j is the least cost supplier to country i. I describe how to derive trade shares

in appendix C.

Factor demands I first define total factor usage in the tradables sector in country i

as follows:

Kti =

∫
Kti(z)φ(z)dz, Lti =

∫
Lti(z)φ(z)dz,

Sti =

∫
Sti(z)φ(z)dz, Tti =

∫
Tti(z)φ(z)dz,

where Kti(z), Lti(z), Sti(z), and Tti(z) refer to the amount of labor, capital, services, and

composite good used in country i to produce the individual tradable good z. Note that each

of Kti(z), Lti(z), Sti(z), and Tti(z) will be zero if country i imports good z. Thus, Kti, Lti, Sti,

and Tti respectively denote the quantities of capital, labor, services and composite good used

as inputs in the production of tradables goods in country i.

Aggregating over all producers of individual goods in each sector in country i, and using

the fact that each producer minimizes costs, the derived factor demands at the sectoral level

are described by

Ksi =
ανsPsiSi

ri

, Kti =
ανt

∑I
j=1 PtjTjπji

ri

,

Lsi =
(1 − α)νsPsiSi

wi

, Lti =
(1 − α)νt

∑I
j=1 PtjTjπji

wi

,

Ssi =
σs(1 − νs)PsiSi

Psi

, Sti =
σt(1 − νt)

∑I
j=1 PtjTjπji

Psi

, Sri =
σrPriRi

Psi

,

Tsi =
(1 − σs)(1 − νs)PsiSi

Pti

, Tti =
(1 − σt)(1 − νt)

∑I
j=1 PtjTjπji

Pti

, Tri =
(1 − σr)PriRi

Pti

.

Country j’s total spending on tradables is given by PtjTj, while πji denotes the fraction

that is spent on goods from country i. Thus, PtjTjπji is the total value of trade flows from

country i to country j. Retail goods and services are not traded so foreign expenditures are

zero.
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2.4.3 Market clearing

The market clearing conditions for the raw factors of production (capital and labor) are:

Ksi + Kti = Ki and Lsi + Lti = Li.

The left-hand side of each of the previous equations is simply the factor usage by each sector,

while the right-hand side is the factor availability.

The remaining country-specific resource constraints require that produced goods be equal

to their uses.

Sri + Ssi + Sti + Csi = Si,

Tri + Tsi + Tti = Ti,

Cri = Ri

That is, the use of services as an intermediate in production plus final consumption of services

must equal the amount of services available. Similar for tradables and retail goods.

2.4.4 Trade balance

To close the model I impose balanced trade country by country.

PtiTi

∑
j ̸=i

πij =
∑
j ̸=i

PtjTjπji,

where the left-hand side denotes country i’s imports, and the right-hand side denotes country

i’s exports.

This completes the description of a competitive equilibrium in the model. Next I discuss

some important equilibrium implications of the theoretical model.

3 Qualitative implications for relative prices

I first discuss how relative prices are determined qualitatively and expose how the trade

mechanism affects relative prices. Recall that the price of retail goods is Pri = BrP
σr
si P 1−σr

ti .

Therefore, the price of services relative to retail goods is a simple transformation of the price

of services relative to tradables: Psi

Pri
=
(

1
Br

)(
Psi

Pti

)1−σr

. Since the term Br is constant across

countries, Ps/Pr is isomorphic to Ps/Pt as long as σr < 1. Thus, understanding the price of

services relative to tradables is equivalent to understanding the price of services relative to

retail goods with one key distinction; the price of services relative to retail goods includes the

term 1− σr in the exponent. This term accounts for the distribution margin in retail goods.
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In particular, if there are no services required in distribute tradable goods to consumers, i.e.,

σr = 0 then this exponent is unity and the two relative prices are identical up to a constant

of proportionality. A larger σr implies a larger share of services in the production of retail

goods, thus the absolute price of retail goods will more closely resemble the absolute price

of services.

I show in appendix C that the price of services relative to tradables is

Psi

Pti

= Ψ ×


[
(λi/πii)

θ
] νs

νt

Asi


1

1−σs(1−νs)+σt(1−νt)νs/νt

, (4)

where Ψ is a collection of terms that are constant across countries. Thus, the price of services

relative to retail goods is

Psi

Pri

=

(
Ψ1−σr

Br

)
[
(λi/πii)

θ
] νs

νt

Asi


1−σr

1−σs(1−νs)+σt(1−νt)νs/νt

. (5)

In order to interpret equations (4) and (5), note that they boil down to country i’s pro-

ductivity in tradables divided by country i’s productivity in services (the second term in

each expression). To see this recall that country i’s average efficiency across all individual

tradable goods is λθ
i . However, country i specializes in only a subset of the tradable goods.

Therefore, its average measured productivity is its average efficiency, λθ
i , corrected by the

share of goods that it actually produces, i.e., its home trade share, πii. The numerator is thus

average measured productivity in tradables: (λi/πii)
θ. In the denominator is the productiv-

ity in services Asi. The remaining terms are common across countries and do not contribute

to the cross-country variation. Thus, the model produces the classic Balassa-Samuelson ef-

fect endogenously: the price of nontradables (services), relative to tradables, is equal to the

measured productivity in tradables, relative to the measured productivity in nontradables

(services), corrected by the relevant input-output coefficients. The terms in the exponent

adjust for the input-output structure since there is feed through across sectors: The price of

services enters the price of tradables, and the price of tradables enters the price of services,

since they are both used as intermediate inputs in production.

Novel to the model is that the average productivity in tradables depends on the endoge-

nous term πii, country i’s home trade share. The home trade share in country i reveals the

set of goods that country i specializes in producing. The more specialized a country is, the

smaller its home trade share is, and the higher its measured productivity in tradables will be.

The degree of specialization depends on average efficiency, as well as the pattern of bilateral

trade barriers.

14



4 Quantification

In this section I discuss the methodology for calibrating the model parameters. Then I

discuss the implications of the calibrated model for explaining the distribution of prices across

countries and assess the importance of trade barriers in generating the observed pattern of

prices.

4.1 Data and calibration

I calibrate the model using data for a set of 103 countries for the year 2005 (see table D.2

in appendix D for the complete list of countries). This set includes both developed and

developing countries and accounts for about 90 percent of the world GDP as computed from

version 6.3 of the Penn World Tables (see Heston, Summers, and Aten, 2009, PWT63).

4.1.1 Data

With respect to the trade and production data used, the tradables sector corresponds to

four-digit ISIC revision 2 categories 15⋆⋆–37⋆⋆. Trade data is reported at the four-digit SITC

revision 2 level. I use a correspondence between production data (ISIC) and trade data

(SITC) created by Affendy, Sim Yee, and Satoru (2010). The source for trade data is UN

Comtrade, and I obtain production data from two sources: INDSTAT 4, 2010 (a databases

maintained by UNIDO), and the World Bank’s World Bank Development Indicators (for

countries where data is not available through INDSTAT). The service sector accounts for

the remainder of GDP that is not accounted for by value added in tradables. In the model

there is a sector called retail goods. In terms of classification, I do not distinguish retail goods

from tradables and there is no additional value added at the retail level. The interpretation

is that retail goods are simply the tradable goods made available to final consumers by using

domestic distribution services; some portion of the tradable goods are imported, and the

remaining portion is purchased domestically.5

Construction of prices using ICP data I construct prices for services and retail

goods using detailed Basic Headings data from the 2005 International Comparison Program,

World Bank Development Data Group. The data I use is at the retail level for which there is

no one-to-one link with ISIC categories, so I take a stand on which categories are closest to

5An example is a computer. Think of each component of a computer (processor, memory, disk, keypad,
etc.) as an individual tradable good. Each country purchases each component from their least cost supplier.
Once each component is purchased (some maybe imported, some purchased domestically) they are bundled
into a composite good (a computer). Then the computer is sold to consumers by the domestic service sector
(retail).
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goods, and which are closest to services. There are 129 categories at the Basic Heading level,

53 of which I classify as retail goods, 48 as services, and the remaining 28 are unclassified (for

example, the category “Change in inventories and valuables” is left unclassified) see table

D.1 in appendix A for the complete list. The exact methodology I use to aggregate the Basic

Headings prices into sectoral aggregate prices is in explained in appendix A.

4.1.2 Common parameters

I begin by describing the parameters which are common across countries and given in table 1.

Following Alvarez and Lucas (2007), I set η equal to 2. This parameter is not quantitatively

important for the question addressed in this paper, however, it must satisfy 1+θ(1−η) > 0.

Capital’s share α is set at 1/3 as in Gollin (2002). This parameter is set so that labor’s

share in GDP is 2/3.

The parameters νs and νt, respectively, control the value added in services and tradable

goods production. I compute both parameters by taking the average of the ratio of value

added output to total output. For tradable goods I employ the manufacturing data from

the INDSTAT 4, 2010 database, and for services I employ input-output tables for OECD

countries.

The parameter σr corresponds to the distribution margin for retail goods.6 Berger, Faust,

Rogers, and Steverson (2012) argue that distribution margins in the US are on average be-

tween 0.50 and 0.70. Crucini and Yilmazkuday (2009) use micro data to construct estimates

of distribution margins across a large number of retail items and cities. For a subset of their

items that most closely correspond to my definition of retail goods, the median estimate

of distribution margins is 0.42. They also state that the aggregate distribution margin, as

measured from U.S. National Income and Product Accounts is 0.5, the same value that is

used in Burstein, Neves, and Rebelo (2003). Since I aggregate all goods into one sector in

my model, I set σr at 0.50, in line with the above evidence. At the end of the paper I check

the sensitivity of the model’s predictions over a range of values for the distribution margin.

The parameters σs and σt control the share of services (relative to tradables) as an input

in intermediate uses. In particular, 1 − σt corresponds to the share of manufactures in

total intermediate spending by producers of tradables. Using input-output tables for OECD

countries I compute σt = 0.17. Finally, σs corresponds to the share of spending on services

(including local distribution) in total intermediate spending by producers of services. I

calculate σs = 0.70 from input-output tables for OECD countries.

6Specifically, distribution includes retail and wholesale trade, and local transport and storage, markups,
and value-added taxes.
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Next I discuss the calibration of preference parameters: σc and c̄r. σc is the share of

services in the representative household’s discretionary expenditures, while c̄r is the per-

worker subsistence level of retail goods consumption.7 In my sample of 103 countries, the

richest countries spend about 60 percent of their income on services. Since subsistence

plays no role when income is high, I set σs = 0.60. The poorest countries in my sample

spend about 20 percent of their total income on services. Thus, I set the value c̄r such

that the poorest countries spend 20 percent of their income on services. I introduce non-

homothetic preferences to allow for the possibility that differences in relative prices are driven

by differences in relative demand. However, it turns out that demand-side forces contribute

next to nothing to the distribution of relative prices. If instead I set c̄r = 0 then all countries

spend 60 percent of their income on services, while all of the implications for prices are

essentially unaltered.

The parameter θ controls the dispersion in efficiency levels. I follow Alvarez and Lucas

(2007) and set this parameter at 0.15. This value lies in the middle of the estimates in Eaton

and Kortum (2002). My results hold up to other values including θ = 0.24, the preferred

estimate in Simonovska and Waugh (2010).

Table 1: Common parameters

Parameter Description Value
α K’s share in GDP 0.33
νt K and L’s share in production of tradables 0.31
νs K and L’s share in production of services 0.56
σr service’s share in retail goods production (distribution margin) 0.50
σs service’s share in intermediate component of services production 0.70
σt service’s share in intermediate component of tradables production 0.17
σc share of services in final discretionary expenditures 0.60
c̄r subsistence level for consumption of retail goods per worker 0.08
θ variation in efficiency levels 0.15
η elasticity of substitution in aggregator 2

Note: The subsistence level c̄r implies that countries in the bottom decile of the income dis-
tribution allocate 20 percent of their total consumption expenditures to services.

4.1.3 Country-specific parameters

I take the labor force N from PWT63. To construct measures of human capital h, I follow

Hall and Jones (1999) and Caselli (2005) by converting data on years of schooling from

7Discretionary expenditures refer to the representative household’s expenditures in excess of spending on
subsistence.
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Barro and Lee (2010) into measures of human capital using Mincer returns. Effective labor

is then L = Nh, see appendix A for details. I construct capital stocks Ki using the perpetual

inventory method using investment data from PWT63, see appendix A for details.

The remaining parameters include the bilateral trade barriers τij, the average efficiency

parameters in the tradable sector, λi, and the productivity levels in the service sector, Asi.

My strategy is to choose these parameters to be consistent with the pattern of bilateral trade

and relative levels of development across countries.

Bilateral trade barriers From equation (3), the fraction of tradable goods that coun-

try i purchases from country j, relative to the fraction that i purchases domestically, is given

by

πij

πii

=

(
utj

uti

)−1/θ (
λj

λi

)
(τij)

−1/θ. (6)

Since trade barriers are unobservable, I specify a parsimonious functional form that links

trade barriers to observable data as follows

log τij = exj + γdist,kdistij,k + γbrdrbrdrij + γlanglangij + εij. (7)

Here, exj is an exporter fixed effect dummy.8 The variable distij,k is a dummy taking a value

of one if two countries i and j are in the k’th distance interval. The six intervals, in miles, are

[0,375); [375,750); [750,1500); [1500,3000); [3000,6000); and [6000,maximum). (The distance

between two countries is measured in miles using the great circle method.) The variable

brdr is a dummy for common border and lang is a dummy for common language. I assume

that the residual, ε, is orthogonal to the previous variables and captures other factors which

affect trade barriers. Each of these data, except for trade flows, are taken from the Gravity

Data set available at http://www.cepii.fr. At the end of the paper I consider alternative

approaches to estimating τij. In particular, in one alternative specification I estimate trade

barriers using measurements of bilateral transport costs and tariffs.

Taking logs on both sides of (6) and substituting in the parsimonious specification (7), I

obtain an estimable equation:

log

(
πij

πii

)
= log

(
u
−1/θ
tj λj

)
︸ ︷︷ ︸

Fj

− log
(
u
−1/θ
ti λi

)
︸ ︷︷ ︸

Fi

−1

θ
(exj + γdist,kdistij + γbrdrbrdrij + γlanglangij + εij) . (8)

8Waugh (2010) shows that a including a country-specific export effect for trade barriers is required in order
to simultaneously be consistent with the prices of tradables across countries as well as the pattern of bilateral
trade. In particular, I alternatively employed a specification with a importer fixed effect instead, and found
that the model produced prices of tradables that were strongly negatively correlated with development, in
addition to counterfactual prices of services across countries.
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To compute the empirical counterpart to πij, I follow Bernard, Eaton, Jensen, and Kortum

(2003), see appendix A. I estimate the coefficients for the parsimonious specification for trade

barriers and recover the fixed effects Fi (country i’s state of technology) as country specific

fixed effects using Ordinary Least Squares. Observations for which the recorded trade flows

are zero are omitted from the regression. The bilateral trade barrier for such observations is

set to the maximum estimated barrier in the sample. There are 9,194 bilateral combinations

with positive trade flows out of I2 − I = 10, 506 bilateral relationships.

The calibrated trade barriers τij imply that poor countries face larger costs to export

than rich countries do. Figure B.1a in appendix B plots the export-weighted trade barrier

for each country i against income per worker. This is the result of poor countries facing larger

exporter-specific component of trade costs. Countries in the bottom decile of the income

distribution face an average exporter-specific component of 4.64, while countries in the top

decile face an average exporter-specific component of 3.25, see figure B.1b in appendix B.

Hummels (2001), Djankov, Freund, and Pham (2006), and Li and Wilson (2009) provide

empirical evidence that it is more costly for poor countries to export goods than it is for rich

countries.

Productivity in tradables and services In order to identify average efficiency in

tradables, λθ
i , and productivity in services, Asi, I utilize information contained in the state of

technology Fi from the regression of equation (8), in addition to data on income per worker.

I normalize λUS = AUS = 1.

I define income per worker, at PPP, as yi = (wiLi+riKi)/(NiPci), where Ni is the number

of workers in country i and Pci is the optimal price for discretionary consumption given by

equation (1). In appendix C I derive an expression for income per worker, yi. The derived

relationship implies that income per worker in country i, relative to the US, is given by the

following expression:

yi

yUS

=

(
(λii/πii)

θ

(λUS/πUSUS)θ

) 1
νt


[

(λii/πii)
θ

(λUS/πUSUS)θ

] νs
νt

Asi

AsUS


− σt(1−νt)/νt+σr+σc(1−σr)

1−σs(1−νs)+σt(1−νt)νs/νt

×
(

ki

kUS

)α(
hi

hUS

)1−α

. (9)

Recall that πii is country i’s home trade share, ki = Ki/Ni is country i’s stock of capital

per worker, and hi is the average human capital of each worker in country i, each of which

I have data for. I also have data for income per worker, Thus, there are only two unknowns

in equation (9): λi and Asi.
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Next, note that Fi = log(u
−1/θ
ti λi). I obtain estimates of Fi from the regression equa-

tion (8). Therefore, the task will be to separate λi from u
−1/θ
ti . To achieve this, recall

that the unit cost of a factor bundle for producers of tradables in country i is uti =(
ri

wi

)ανt
(

wi

Pti

)νt
(

Psi

Pti

)σt(1−νt)

Pti (§). Substituting equation (4) in for Psi

Pti
in (§), and mak-

ing the whole expression relative to the US, I obtain

exp(Fi)

exp(FUS)
=

(
ri/wi

rUS/wUS

)−ανt
θ
(

wi/Pti

wUS/PtUS

)− νt
θ


[

(λii/πii)
θ

(λUS/πUSUS)θ

] νs
νt

Asi

AsUS


−σt(1−νt)

θΩ

×
(

Pti

PtUS

)− 1
θ
(

λi

λUS

)
, (10)

where Ω in the exponent of the third term on the right-hand side of equation (10) is a

collection of constants: Ω = 1 − σs(1 − νs) + σt(1 − νt)νs/νt.

The left-hand side of equation (10) is the estimated state of technology in country i,

relative to the US. The right-hand side of equation (10) consists of 5 terms. The first term,
ri

wi
, is equal to α

1−α
Li

Ki
, an object for which I have data on. The second term consists of

wi and Pti. For wi I use GDP per-effective worker at domestic prices from PWT63. For

Pti, I construct trade-based estimates of the price of tradables using the estimated states of

technology and trade barriers from the gravity regression as in Eaton and Kortum (2001)

as follows: Pti = γBt

(∑
j exp(Fj)τ

−1/θ
ij

)−θ

, where Fj and τij are the estimates from the

gravity regression.9 For the third term on the right-hand side of equation (10) I plug in

data on πii, while λi and Asi are unknown. The fourth term depends on the ratio of the

price of tradables in country i relative to the US. I use the trade-based estimates Pti =

γBt

(∑
j exp(Fj)τ

−1/θ
ij

)−θ

. Finally, the fifth (last) term consists of the unknown average

efficiency in country i relative to the US. Thus, for each country i there are two unknowns

in equation (10): λi and Asi.

Equations (9) and (10) provide two independent equations in to two unknowns, λi and Asi,

for each country i. I recover these parameters by simultaneously solving the two nonlinear

equations.

The calibrated average efficiency levels λθ
i are substantially larger in rich countries than

in poor countries, see figure B.2a in appendix B. On average, countries in the top decile of the

income distribution have an average efficiency level that is 2.61 times larger than countries

in the bottom decile. The calibrated productivity levels Asi are only slightly larger in rich

9In appendix C I show that Pti = γBt

(∑
j (ujτij)

−1/θ
λj

)−θ

, and the gravity regression implies that

exp(Fj) = u
−1/θ
j λj . Thus, Pti = γBt

(∑
j exp(Fj)τ

−1/θ
ij

)−θ

.
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countries than in poor countries, see figure B.2b in appendix B. On average, countries in the

top decile of the income distribution have a productivity level that is only 1.64 times larger

than that of countries in the bottom decile of the income distribution.

4.1.4 Model fit

I used data on the pattern of bilateral trade and cross-country income differences to calibrate

productivity levels and trade barriers. The model matches the pattern of bilateral trade well:

the regression from equation (8) produces an R2 of 0.80. Income per worker in the model is

very close to the data, the correlation between the model and the data is 0.99, see figure B.4

in appendix B.

Next I assess the model’s ability to explain the prices in the data, and then measure

the contribution of trade barriers in accounting for the systematic patterns in prices across

countries. At the end of the paper I discuss the implications of using alternative specifications

for calibrating the trade barriers, as well as the model’s sensitivity to various values of the

distribution margin.

4.2 Quantitative results

This section discusses the quantitative implications for relative prices and assesses the quan-

titative role of trade barriers in explaining the pattern of relative prices across countries. I

will report elasticities of prices with respect to income per worker, and from now on I omit

the term “with respect to income per worker”.

Neither the trade data nor the production data include domestic service margins that are

applied after trade takes place. Since the parameters of the model are disciplined by trade

and production data, the prices of tradables that are generated by the model correspond

to prices at the local dock (if imported) or at the factory gate (if purchased domestically),

i.e., they do not include a distribution margin. Consider the benchmark ICP category called

“Machinery and equipment”. This category contains the smallest distribution margin among

all tradable goods (Burstein, Neves, and Rebelo, 2004). Therefore, the price of Machinery

and equipment is a reasonable proxy for the price of pure tradables. In the data, the price

elasticity of tradables is 0.02, and the model produces a corresponding price elasticity of

0.01, see figure 4. That is, even in the presence of large and asymmetric trade barriers, the

prices of tradables do not vary systematically with development. This does not imply that

each individual tradable good’s price is uncorrelated with development. In fact, the prices

for each individual good along the continuum are indeed different, however, the price of the

composite tradable good is uncorrelated with development. Mutreja, Ravikumar, Riezman,
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and Sposi (2012) discuss aggregate price equalization in the presence of trade barriers for

the case of capital goods prices.

One potential concern is my proxy for the price of tradables. Since I used the price of

machinery and equipment as a stand in for the price of tradables, how can I be certain how

the price of tradables varies with development? Here I present further evidence to shed light

on this. First, Waugh (2010) relies on the fact that the price of tradables is at best only

weakly correlated with development in order to argue for the use of exporter-fixed effects over

importer-fixed effects in the calibration of trade barriers. Second, imagine the price of retail

goods in country i, Pri, as being the geometric average of the price of purely tradable goods

(inclusive of trade costs), Pti, and the price of local distribution services, Psi. In particular,

Pri = P σ
siP

1−σ
ti where σ corresponds to the distribution margin. The ICP provides values for

Pri and Psi. Thus, once I take a stance on the value of the distribution margin, σ, I can

compute values for the price of tradables in each country i: Pti =
P

1
1−σ

ri

P
σ

1−σ
si

(†). In light of this

fact I ask the following question: what value of σ is required so that the price elasticity of

tradables with respect to income per worker is exactly zero? It turns out that this occurs

when σ = 0.46, very close to 0.50 – the value I used in the calibration based on existing

evidence in the literature. If I instead compute the price of tradables in (†) using the value

of σ = 0.50, then the resulting price elasticity of tradables in the data is -0.04.

Table 2: Price elasticities w.r.t. income per worker (95% confidence band in
parentheses).

Variable Data Model
Price of services 0.49 (0.42–0.56) 0.59 (0.51–0.68)
Price of retail goods 0.22 (0.18–0.26) 0.30 (0.26–0.34)
Price of services relative to retail goods 0.27 (0.22–0.31) 0.29 (0.25–0.34)
Price of tradables 0.02 (-0.01–0.04) 0.01 (-0.01–0.03)
Price of services relative to tradables 0.47 (0.41–0.53) 0.58 (0.49–0.68)

Note: I use data on the price of Machinery and equipment from the 2005 bench-
mark classification of the ICP as a stand in for the price of tradables.

Table 2 reports summary statistics on how the model-predicted prices perform relative

to the data. The model slightly over-predicts the price elasticity of services (0.59 in the

model compared to 0.49 in the data). However, the model matches the price elasticity of

tradables quite well (0.01 in the model compared to 0.02 in the data). The price of retail

goods in the model is a geometric average of the price of services and the price of tradables,

thus, the model slightly over-predicts the price elasticity of retail goods (0.30 in the model

compared to 0.22 in the data). Taken together, the model overstates the elasticity of the
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Figure 4: Price of tradables: data and model. I use data on the price of Machinery and
equipment from the 2005 benchmark classification of the ICP as a stand in for the price of
tradables.

(a) Price of tradables (data).
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(b) Price of tradables (model).
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price of services relative to tradables (0.58 in the model compared to 0.47 in the data), but

replicates the elasticity of the price of services relative to retail goods (0.29 in the model

compared to 0.27 in the data).

Figure 5a plots the model-predicted price of services relative to retail goods against the

corresponding relative price in the data. The countries line up well with the 45-degree

line, indicating that the model captures the systematic differences in relative prices across

countries. Figure 5b plots the model-predicted price of services relative to tradables against

the corresponding relative price in the data. Again, the data are grouped around the 45-

degree line. Figure 6 shows a similar picture for both the absolute price of services as well

as the absolute price of retail goods.

Figure B.3 in appendix B plots average productivity in the tradables sector, (λi/πii)
θ,

against income per worker. Average productivity in the tradables sector differs by a factor

of 3.20 between countries in the top decile of the income distribution and countries in the

bottom decile. Productivity in the services sector, Asi, differs by a factor of 1.64 (see table

D.2 in appendix D for a complete list of productivity levels across countries). Together

the calibrated model implies that the productivity gap in tradables between rich and poor
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Figure 5: Relative price of services: model vs data.

(a) Price of services relative to retail goods.
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(b) Price of services relative to tradables.
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Figure 6: Prices of services and retail goods: model vs data.

(a) Price of services.
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(b) Price of retail goods.
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countries is about twice as large as the productivity gap in services. What’s more is that

measured productivity in the tradables sector in country i depends on the pattern of spe-

cialization through the home trade share πii. Therefore, any policy that alters the set of

goods that a country produces will imply a different average productivity measurement in

the tradables sector.

Labor is more costly in rich countries due to higher productivity in both sectors. Since

there are smaller cross-country productivity differences in the services sector than in the trad-

ables sector, prices of services are higher in rich countries. Crucini, Telmer, and Zachariadis

(2005) argue that this matters primarily to the extent that the share of nontradable inputs

(capital, labor, and services) is sufficiently large. If the share of nontradable inputs in the

production of services was small, then most of the cross-country variation in the price of

services would be due to variation in the price of tradables, which is approximately equal

across countries. In the model, the share of nontradable inputs in the production of services

is indeed large: νs + σs(1 − νs) = 0.87.

A subtle but important implication of my results is that the nontradable input margin

in the production of tradables matters quantitatively only if it occurs after trade has taken

place. If the nontradable margin is applied to tradables after trade occurs (distribution

services in the destination country), then countries where the price of nontradables is high

will systematically face a higher price of retail goods; this effect is discussed in Giri (2012). On

the other hand, if the nontradable margin is applied to production before trade takes place,

i.e., in the producer’s country, then that country’s trading partners will alter their import

shares, and the systematic effect on the composite price of tradables across countries will be

negligible. In the model, the nontradable input margin before trade is νt +σt(1− νt) ∼= 0.43,

while the share of nontradable inputs after trade is σr = 0.50; both numbers are similar in

magnitude. However, there is no systematic variation in the composite price of tradables

across countries, while there is substantial systematic variation in the price of retail goods.

The model slightly over-predicts the price elasticity of services. At least part of the

over-prediction for the price of services can be explained. Consider how I classified goods

as either retail goods or services. The Basic Heading category called “Maintenance and

repair of the dwelling” contains both goods (materials for repair) and services (services for

repair), but I classified this category as services since I can not disaggregate it any further.

There are a few other Basic Headings categories that pose the same issue. Since retail goods

have a lower price elasticity than services, the price elasticity of services that I measured in

the data is likely a lower bound for the true price elasticity of services. It is not possible

to completely avoid this issue so I experimented with other reasonable classifications and I

found that the measured cross-country distributions of prices are practically identical across
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various classifications.

This measurement issue likely does not explain all of the gap between the model-predicted

price elasticity of services and that in the data. One can also think of other distortions that

affect the prices of domestic goods differently in rich versus poor countries. My focus is

on the quantitative role of trade barriers. As such, with only productivity differences and

asymmetric trade barriers, the model is able to capture a bulk of the systematic variation

in the price data.

My calibration did not use price data to impose any quantitative discipline on the model,

only production and trade data. Thus, the prices generated by the model are a function of

the observed trade and production data. Therefore, I am in a position to ask how relative

prices would look under different distributions of trade barriers, and hence, different patterns

of trade and specialization. This is what I do next.

4.3 Counterfactuals

In the remainder of this section I quantify the importance of trade barriers on relative prices

by examining the implications of changing the pattern of bilateral trade barriers.

Free trade How much of the systematic variation in prices is due to trade barriers?

To answer this I set τij = 1 for all bilateral combinations and keep all other parameters at

their baseline values and examine the model’s implications for prices. Table 3 provides a

summary of the changes in the price elasticities.

Table 3: Price elasticities w.r.t. income per worker.

Variable Baseline CF1 CF2
Price of services 0.59 0.21 0.29
Price of retail goods 0.30 0.10 0.12
Price of services relative to retail goods 0.29 0.11 0.17
Price of tradables 0.01 0.00 −0.04
Price of services relative to tradables 0.58 0.21 0.33

Note: The column called Baseline refers to the implications of the
calibrated model. CF1 refers to the free trade counterfactual where
τij = 1 for all (i, j). Finally, CF2 refers to the counterfactual in which
each countries’ exporter-fixed effect component of trade barriers is set
equal to the US value: exj = exUSA in equation (7).

The price elasticity of services declines significantly (0.59 to 0.21), see figure 7. Moving

to free trade increases measured productivity in the tradables sector in all countries by al-

lowing countries to reallocate resources towards the goods for which they have a comparative
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Figure 7: Price of services: baseline and free trade.

(a) Price of services (baseline).
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(b) Price of services (free trade).
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advantage. This increases the wage rate, and thus increases the price of services. Since poor

countries face larger trade barriers than rich countries do, prices of services increase more

in poor countries than in rich countries. In the free trade counterfactual the 90-10 ratio for

average productivity in tradables is 1.81, while in the baseline model the 90-10 ratio is 3.20,

a magnification of about 80 percent.

PPP holds in the tradables sector since the law of one price applies good by good. Thus,

the price of tradables is equalized across countries and the price elasticity barely changes

(0.01 to 0.00), see figure 8. Notice that although the price elasticity of tradables is essentially

the same in baseline specification and in the free trade counterfactual, in the case of free

trade, tradables prices are identical across countries whereas in the baseline specification,

prices differ across countries but the variation is not systematically related to development.

That is, existing trade barriers do not generate systematic differences in the aggregate price

of tradables across countries. Taken together, the elasticity of the price of services relative

to tradables decreases from 0.58 to 0.21, a reduction of 64 percent.

The change in the price elasticity of retail goods is a weighted average of the change

in the price elasticity of services and the change in the price elasticity of tradables (∆ρr =

σr∆ρs + (1− σr)∆ρt, where ρ is the elasticity). The price elasticity of retail goods decreases

from 0.30 to 0.10.
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Figure 8: Price of tradables: baseline and free trade.

(a) Price of tradables (baseline).
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(b) Price of tradables (free trade).
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A complete removal of trade barriers is not meant to be practical: distance cannot be

changed, and there is always going to be a cost associated with geography. However, this

exercise is meant to speak to the role that the mere presence of trade barriers plays in

explaining differences in relative prices. According to the specification that I use to estimate

trade barriers, all of the asymmetry in trade barriers is governed by the exporter-specific

component exj. This suggests that some impediments to trade are indeed specific to each

country and are likely the result of policy or infrastructure, and therefore can potentially

be removed. Next I discuss the implications of removing cross-country differences in the

exporter-specific component only.

Removal of exporter-specific component of trade barriers Recall the parsimo-

nious specification for trade costs given by (7): log τij = γexexj + γdis,kdisij,k + γbrdbrdij +

γlanglangij +εij. The purpose of this exercise is to quantify the importance of the asymmetric

component of the trade barrier that is generated by the exporter-specific fixed effect. The

fact that the exporter-specific fixed effect varies systematically with levels of development

suggests that some component of trade barriers is due to factors other than geography. It is

therefore important to quantify the importance of this channel as it can likely be manipu-

lated by policy. Next I ask, how would relative prices look if the asymmetric component of
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trade barriers was removed?

To run this counterfactual I set the exporter fixed effect in all countries equal to the

US value, exj = exUSA, and recompute trade barriers for all bilateral combinations. The

elasticity of the price of services relative to tradables decreases from 0.58 to 0.33, see table

3. That is, eliminating asymmetry in export costs alone would shave away almost half of the

difference in relative prices between rich and poor countries. The mechanism that generates

this result is the same as discussed in the free trade counterfactual above. In particular, all

of the action is embedded in the price of services; the distribution of the price of tradables

is not systematically altered.

5 Robustness

In this section I examine the implications of tweaking the baseline model. The first issue is

regarding the value of the distribution margin σr. The second issue deals with the estimates

of the bilateral trade barriers τij.

5.1 Sensitivity to the distribution margin

I argued that a reasonable value for the distribution margin in my model is 0.50. Here I

report results for prices for values of the distribution margin ranging from 0.30–0.60. For

each value of σr, I re-calibrate λi, Asi, and τij and solve for the new equilibrium prices. As

can be seen in table 4, the price elasticity of tradables is remarkably robust: the price of

tradables is uncorrelated with development in each situation. The price of services is always

positively correlated with development, but tends to be a bit stronger with lower values of

σr. The price elasticity of retail goods is affected substantially. A larger distribution margin

puts more weight on the domestic price of services. Since prices of services are higher in

rich countries, and prices of tradables are approximately equal across countries, a larger

distribution margin increases the price elasticity of retail goods. However, part of this effect

is dampened by the fact that the price elasticity of services becomes smaller with larger

values of the distribution margin.

5.2 Alternative measurements of trade barriers

I explore the implications of employing alternative estimates of trade barriers. The key

difference from the baseline is in the exact specification that I employ to relate unobservable

trade barriers with observable data. Instead of using data on distance, common language

and common border to proxy for geography and costs of trading, I use measurements of
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Table 4: Price elasticities w.r.t. income per worker: Re-calibrated model
with different distribution margin, σr.

Variable data σr = 0.30 σr = 0.40 σr = 0.50 σr = 0.60
Price of services 0.49 0.64 0.62 0.59 0.57
Price of retail goods 0.22 0.20 0.25 0.30 0.34
Price of tradables 0.02 0.01 0.01 0.01 0.01

Note: σr = 0.50 corresponds to the baseline.

transport costs and tariffs. I employ the following specification:

log

(
πij

πii

)
= F asym

j − F asym
i − 1

θ
β log(1 + trfi + tcij)︸ ︷︷ ︸

log τasym
ij

.

I measure transport costs from country j to country i, tcij, by dividing the trade flows in

manufactured goods (from j to i) reported at c.i.f. by the value reported at f.o.b., both

of which come from the Direction of Trade Statistics maintained by the IMF. That is,

tcij =
Xcif

ij

Xfob
ij

− 1. I measure tariffs using applied tariff rate measurements for manufactured

goods for each country i, trfi, from the World Development Indicators database at the World

Bank.10,11 This specification clearly leads to different estimates of the trade barriers, but also

different estimates productivity through the fixed effects Fi.

The implications for prices in this specification are given in table 5. The price elasticity of

services is 0.67, higher than the baseline model (0.59), as well as the data (0.49). Moreover,

the price elasticity of tradables is −0.08, which is further from the data (0.02) compared to

the predictions of the baseline model (0.01). However, the general pattern is a qualitatively

consistent description of the data: a high elasticity of the price of services, and a low (closer

to zero) elasticity of the price of tradables.

In the baseline specification, estimating the matrix of trade barriers requires I + 8 co-

efficients: I country-specific exporter fixed effects, 6 effects from distance intervals, 1 for

common language, and 1 for common border. In this alternative specification estimating

the trade barrier matrix requires only 1 parameter: the parameter on the sum of tariffs

and transport costs. Not surprisingly, the baseline specification out-performs the alternative

specification, mainly because there are more degrees of freedom in matching the trade data.

10The tariff variable for each country i is an average across four different tariff measurements for manufac-
tured goods: 1) simple mean, most favored nation, 2) weighted mean, most favored nation, 3) simple mean,
all nations, and 4) weighted mean, all nations. Using any one of these tariff measurements individually
produces similar results.

11If I simply use the tariff and transport cost data directly to compute trade barriers (i.e, τasym
ij =

1 + trfi + tcij (i.e., impose β = 1) then the resulting trade barriers will be far to small to reconcile the
observed volume of trade across countries – my estimate of β is 2.04.
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Table 5: Price elasticities w.r.t. income per worker:
Re-calibrated model with alternative estimates for
trade barriers.

Variable Data Baseline Alternative
Price of services 0.49 0.59 0.67
Price of retail goods 0.22 0.30 0.29
Price of tradables 0.02 0.01 −0.08

Note: The column called Baseline refers to the calibra-
tion in which log τij = exj +γdist,kdistij,k +γbrdrbrdrij +
γlanglangij + εij . The column called Alternative uses
the following specification for trade barriers: log τij =
β log(1 + trfi + tcij).

In turn, the model’s ability to translate the pattern of trade into country-specific prices

speaks to the strength of the model: the closer the calibrated model gets to the trade data,

the closer the model also gets to the price data.

6 Conclusion

I argue that trade barriers are a quantitatively important component in explaining the cross-

country distribution of the relative price of services. The price of services relative to tradables

is determined by the inverse of relative productivity between these two sectors. Trade barriers

help determine the pattern of specialization across multiple, heterogeneous, tradable goods,

which in turn determines measured productivity in the tradables sector.

To formalize this argument I construct a multi-country model of trade with many tradable

goods. Each country’s level of efficiency for each good is a random draw from a country-

specific distribution. Countries differ in their average efficiency across the entire basket of

goods and also face asymmetric bilateral trade barriers. The subset of goods that each

country produces is a function of both average efficiency and trade barriers. Measured

productivity in the tradables sector in turn depends on the set of goods produced.

I calibrate the model to match the observed pattern of bilateral trade as well a cross-

country relative levels of development. The calibration implies three important features: 1)

there are small cross-country productivity differences in services, 2) there are large cross-

country productivity differences in average efficiency in tradables, and 3) poor countries face

larger trade barriers than rich countries do. Larger barriers in poor countries magnify the

disparity in tradables-sector productivity between rich and poor countries, which translates

into large cross-country differences in relative prices. To this end, the model quantitatively
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replicates the observed distributions of prices: systematically higher prices of services in rich

countries than in poor countries, and the apparent similarity in prices of tradables across

countries. Removing trade barriers eliminates 64 percent of the relative price disparity

between rich and poor countries: the disparity of the price of services between rich and poor

countries shrinks while the disparity of the price of tradables between rich and poor countries

is unchanged.
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A Data

This section describes my data sources as well as how I map the model to the data.

Categories I identify tradables with categories 15**-37** according to the four-digit

ISIC revision 3 classification (see http://unstats.un.org/unsd/cr/registry/regcst.asp?cl=2).

I interpret retail goods as the same inherent goods as tradables, the difference being that

retail goods are the transformation of tradable goods from the dock to the final consumer.

Prices and expenditures I use detailed retail data collected by the ICP at the Basic

Headings level for the year 2005. I classify each Basic Headings category as either services or

goods by using my own correspondence given in table D.1 in appendix D (recall that retail

goods are the same as tradable goods; retail goods just include a distribution margin). Some

categories are labeled as N/A as they do not pertain to any particular type of good, i.e.,

the category called “Gross operating surplus”. The ICP records prices and expenditures in

local currency for a common basket of goods across countries at the retail level. I construct

country-specific prices for retail goods and services for each country as follows. Let B denote

a basket of Basic Heading categories, either retail goods or services. Each element b ∈ B is

a Basic Heading category. The ICP provides data on expenditures in local currency on each

category b, which I convert into 2005 US dollars using the nominal exchange rate. I denote

country i’s total expenditures in US dollars as EXP dom
bi . Similarly, the ICP provides prices

in local currency for each category b. For each country i I convert the price of each category b

into US dollars using the exchange rate and denote this price as PPPbi. I construct country

i’s expenditures in international dollars for each category b as EXP int
bi =

EXP dom
bi

PPPbi
. I compute

the aggregate PPP price in country i for the entire basket B by dividing expenditures in US

dollars by expenditures in international dollars: Pbi =
∑

b∈B EXP dom
bi∑

b∈B EXP int
bi

.

Human Capital I use data on years of schooling from Barro and Lee (2010) to con-

struct human capital measures. I take average years of schooling for the population age 25

and up and convert into measures of human capital using h = exp(ϕ(s)), where ϕ is piecewise

linear in average years of schooling s. This method is identical to the one used by Hall and

Jones (1999) and Caselli (2005).

National Accounts Real income per worker is taken directly from PWT63 as the

variable rgdpwok. The size of the workforce is constructed using PWT63 data as follows:

number of workers equals 1000*pop*rgdpl/rgdpwok. I use the perpetual inventory method
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to construct aggregate stocks of capital:

Kt+1 = It + (1 − δ)Kt,

where It is aggregate investment in PPP and δ is the depreciation rate. It computed from

PWT63 as rgdpl*pop*ki. The initial capital stock K0 is computed as I0/(g + δ), where

I0 is the value of the investment series in the first year it is available, and g is the average

geometric growth rate for the investment series between the first year with available data

and 1975 (for some countries the first year with available data is after 1975, In which case,

the geometric growth rate for first 5 years with available data is calculated). Following the

literature, δ is set to 0.06.

Production Data on tradables production is taken from INDSTAT4, a database main-

tained by UNIDO at the four-digit ISIC revision 3 level. I compute gross production as the

sum of gross output over all tradable categories.

Trade barriers Trade barriers are assumed to be a function of distance, common

language, and shared border; each of which are taken from Centre D’Etudes Prospectives Et

D’Informations Internationales (http://www.cepii.fr/welcome.htm).

Trade Flows Data on bilateral trade flows are obtained from UN Comtrade for the

year 2005 (http://comtrade.un.org/). All trade flow data is at the four-digit SITC revision

2 level, and then aggregated into total trade flows. In order to link trade data to production

data I employ the correspondence provided by Affendy, Sim Yee, and Satoru (2010) which

links ISIC revision 3 to SITC revision 2 at the 4 digit level.

Construction of Trade Shares The empirical counterpart to the model variable πij

is constructed following Bernard, Eaton, Jensen, and Kortum (2003) (recall that this is the

fraction of country i’s spending on tradables that was purchased from country j). I divide

the value of country i’s imports of tradables from country j, by i’s gross production of

tradables minus i’s total exports of tradables (to the rest of the world) plus i’s total imports

of tradables (from only countries in my sample) to arrive at the bilateral trade share.

B Additional figures

This appendix provides additional figures that are referenced in the main body of the text.
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Figure B.1: Trade barriers.

(a) Export-weighted trade barrier:
∑

j ̸=i τjiXji∑
j ̸=i Xji

.
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(b) Exporter-fixed effect component: exp(exi).
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Figure B.2: Distribution of productivity.

(a) Average efficiency in tradables: λθ
i .
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(b) Productivity in nontradables: Asi.
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Figure B.3: Average productivity in tradables:
(

λi

πii

)θ

.
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Figure B.4: Income per worker: model vs data. The only margin of error for income per
worker between the model and the data comes from the difference in home trade shares, πii,
between the model and the data – I did not directly target home trade shares.
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C Derivations

C.1 Price indices and trade shares

I show how to derive analytical expressions for prices and trade shares. The following

derivations rely on three properties of the exponential distribution.

1) u ∼ exp(µ) and k > 0 ⇒ ku ∼ exp(µ/k).

2) u1 ∼ exp(µ1) and u2 ∼ exp(µ2) ⇒ min{u1, u2} ∼ exp(µ1 + µ2).

3) u1 ∼ exp(µ1) and u2 ∼ exp(µ2) ⇒ Pr(u1 ≤ u2) = µ1

µ1+µ2
.

Price indices Here I derive the price for the composite tradable good, Pti. Cost

minimization by producers of tradable good z implies a unit cost of an input bundle used in

sector t, which is denoted by uti.

Perfect competition implies that the price in country i of the individual tradable good z,

when purchased from country j, equals unit cost in country j times the trade barrier

ptij(z) = Btutjτijz
θ
j ,

where Bt is a collection of constant terms. The trade structure implies that country i

purchases each intermediate good z from the least cost supplier, so the price of good z, in

country i, is

pti(z)1/θ = (Bt)
1/θ min

j

[
(utjτij)

1/θ zj

]
.

Since zj ∼ exp(λj), it follows from property 1 that

(utjτij)
1/θ zj ∼ exp

(
(utjτij)

−1/θ λj

)
.

Then, property 2 implies that

min
j

[
(utjτij)

1/θ zj

]
∼ exp

(∑
j

(utjτij)
−1/θ λj

)
.

Lastly, appealing to property 1 again,

pti(z)1/θ ∼ exp

(
B

−1/θ
t

∑
j

(utjτij)
−1/θ λj

)
. (C.1)

Recall that P 1−η
ti =

∫
pti(z)1−ηφ(z)dz. Let µi = (Bt)

−1/θ
∑

j (utjτij)
−1/θ λj, then

P 1−η
ti = µi

∫
xθ(1−η) exp (−µix) dx.
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Apply a change of variables so that ωi = µix and obtain

P 1−η
ti = (µi)

θ(η−1)

∫
ω

θ(1−η)
i exp(−ωi)dωi.

Let γ = Γ(1 + θ(1 − η))1/(1−η), where Γ(·) is the Gamma function. Therefore,

Pti = γ (µti)
−θ

= γBt

(∑
j

(utjτij)
−1/θλj

)−θ

. (C.2)

Trade shares Now I derive the trade shares πij, the fraction of i’s total spending on

tradable goods that is obtained from country j. Due to the law of large numbers, the fraction

of goods that i obtains from j is also the probability, that for any good z, country j is the

least cost supplier. Mathematically,

πij = Pr
{

ptij(z) ≤ min
l

[ptil(z)]
}

=
(utjτij)

−1/θλj∑
l(utlτil)−1/θλl

, (C.3)

where I have used equation (C.1) along with properties 2 and 3.

Using equations (C.2) and (C.3), the the price of tradables can be stated as

Pti = γBt
uti(
λi

πii

)θ
. (C.4)

C.2 Relative prices and income per worker

Here I show how to derive expressions for the price of services relative to tradables and the

price of services relative to retail goods. In addition I show how to derive an expression for

income per worker. I begin by deriving a few important relationships that will be used for

the following derivations.

The unit cost for a factor bundle by producers of tradables is

uti =
(
rα
i w1−α

i

)νt
(
P σt

si P 1−σt
ti

)1−νt

=

(
ri

wi

)ανt
(

wi

Pti

)νt
(

Psi

Pti

)σt(1−νt)

Pti. (C.5)

Substitute (C.5) into (C.4) and rearrange to solve for w
Pt

as

wi

Pti

=


(

λi

πii

)θ

γBt


1
νt (

Psi

Pti

)−σt(1−νt)
νt

. (C.6)
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Relative prices I first solve for the price of services relative to tradables. The unit

cost for a factor bundle by producers of services is

usi =
(
rα
i w1−α

i

)νs
(
P σs

si P 1−σs
ti

)1−νs

=

(
ri

wi

)ανs
(

wi

Pti

)νs
(

Psi

Pti

)σs(1−νs)

Pti. (C.7)

Substitute (C.7) into the price of services to obtain

Psi =

(
Bs

Asi

)
usi

=

(
Bs

Asi

)(
ri

wi

)ανs
(

wi

Pti

)νs
(

Psi

Pti

)σs(1−νs)

Pti

⇒ Psi

Pti

=

(
Bs

Asi

) 1
1−σs(1−νs)

(
ri

wi

) ανs
1−σs(1−νs)

(
wi

Pti

) νs
1−σs(1−νs)

. (C.8)

Finally, substitute equation (C.6) for w
Pt

into (C.8) to obtain the price of services relative to

tradables

Psi

Pti

=


[

(λi/πii)
θ

γBt

] νs
νt

Asi

Bs


1

1−σs(1−νs)+σt(1−νt)
νs
νt

(C.9)

As pointed out in the text, the price of services relative to retail goods is pinned down

by the price of services relative to tradables:

Psi

Pri

=

(
1

Bs

)(
Psi

Pti

)1−σr

(C.10)

Income per worker I define income per worker at PPP, in country i, as the factor

income per worker, deflated by the price of final consumption: yi = wiLi+riKi

NiPci
.12 Pci is the

optimal price of discretionary consumption which satisfies: PciCi = PsiCsi + Pri(Cri −Nic̄r),

where Ci = Cσc
si (Cri − Nic̄r)

1−σc is aggregate discretionary consumption. Therefore,

Pci = BcP
σc
si P 1−σc

ri

= Bc

(
Psi

Pri

)σc

Pri (C.11)

where Bc = (σc)
−σc (1 − σc)

σc−1. Next, wiLi + riKi = wiLi

1−α
implies that yi =

(
wi

Pci

) (
hi

1−α

)
.

I will now show how to solve for wi

Pci
. Start by subbing in equation (C.11) for the price of

12Recall that Li = Nihi is the effective labor force, i.e., the number of workers times the average human
capital of each worker.
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consumption,

wi

Pci

=

(
1

Bc

)(
Psi

Pri

)−σc
(

wi

Pri

)
=

(
1

Bc

)(
Psi

Pri

)−σc
(

wi

Pti

)(
Pti

Psi

)(
Psi

Pri

)
.

I have already solved for wi

Pti
in terms of Psi

Pti
(equation (C.6)) and I have already solved for the

relative prices in terms of productivity and home trade shares (equations (C.9) and (C.10)).

Thus, the expression for income per worker is

yi =

(
1

Bc

)(
1

Br

)1−σc
(

1

α

)α(
1

1 − α

)1−α

×

(
(λi/πii)

θ

γBt

) 1
νt


[

(λi/πii)
θ

γBt

] νs
νt

Asi

Bs


− σt(1−νt)/νt+σr+σc(1−σr)

1−σs(1−νs)+σt(1−νt)νs/νt

kα
i h1−α

i , (C.12)

where ki = Ki

Ni
is capital stock per worker.

D Additional tables
This appendix provides additional tables listing the names and isocodes of the countries
included in my sample, as well as the classification of goods and services that I used to
construct prices.
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Table D.2: List of countries and productivities (US = 1)

Isocode Country
(

λi/πii

λUS/πUS US

)θ
Asi

As US

ALB Albania 0.44 0.50
ARG Argentina 0.48 0.99
AUS Australia 1.02 0.86
AUT Austria 1.19 0.91
BEL Belgium 1.02 1.02
BEN Benin 0.45 0.59
BFA Burkina Faso 0.40 0.55
BGD Bangladesh 0.35 0.80
BGR Bulgaria 0.58 0.75
BOL Bolivia 0.44 0.68
BRA Brazil 0.72 0.80
BTN Bhutan 0.34 0.61
BWA Botswana 0.77 0.71
CAF Central African Republic 0.42 0.47
CAN Canada 1.17 0.91
CHE Switzerland 1.34 0.85
CHL Chile 0.71 1.05
CHN China Version 1 0.48 0.79
CIV Cote d‘Ivoire 0.53 0.87
CMR Cameroon 0.55 0.75
COL Colombia 0.59 0.83
COM Comoros 0.40 0.65
CPV Cape Verde 0.52 0.93
CYP Cyprus 0.89 0.81
DNK Denmark 1.23 0.84
ECU Ecuador 0.58 0.67
EGY Egypt 0.51 1.19
ESP Spain 0.97 0.95
ETH Ethiopia 0.24 0.70
FIN Finland 1.22 0.80
FJI Fiji 0.60 0.59
FRA France 1.14 0.96
GBR United Kingdom 1.10 0.98
GER Germany 1.02 0.87
GHA Ghana 0.32 0.63
GIN Guinea 0.23 1.40
GMB Gambia, The 0.27 0.78
GRC Greece 0.91 0.93
HKG Hong Kong 0.76 1.25
HUN Hungary 0.84 0.74
IDN Indonesia 0.43 0.87
IND India 0.43 0.94
IRL Ireland 1.37 0.87
IRN Iran 0.59 0.99
ISL Iceland 1.08 0.84
ISR Israel 0.95 0.79
ITA Italy 1.08 0.95
JOR Jordan 0.56 0.82
JPN Japan 1.07 0.75
KEN Kenya 0.37 0.67
KHM Cambodia 0.36 0.83
KOR Korea, Republic of 0.86 0.85
LBN Lebanon 0.73 0.80
LKA Sri Lanka 0.42 0.90
LUX Luxembourg 1.41 0.82
MAC Macao 0.82 1.35
MAR Morocco 0.57 0.92
MDG Madagascar 0.27 0.52
MDV Maldives 0.49 0.66
MEX Mexico 0.70 0.76
MLI Mali 0.40 0.81
MLT Malta 0.85 0.81
MNG Mongolia 0.29 0.60
MOZ Mozambique 0.37 1.12
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Table D.2 – Continued

Isocode Country
(

λi/πii

λUS/πUS US

)θ
Asi

As US

MRT Mauritania 0.33 0.69
MUS Mauritius 0.56 1.40
MWI Malawi 0.27 0.68
MYS Malaysia 0.67 1.17
NAM Namibia 0.70 0.75
NLD Netherlands 0.90 1.01
NOR Norway 1.21 0.86
NZL New Zealand 1.00 0.74
OMN Oman 0.81 1.35
PAK Pakistan 0.47 0.97
PAN Panama 0.58 0.67
PER Peru 0.59 0.63
PHL Philippines 0.39 0.74
POL Poland 0.75 0.78
PRT Portugal 0.85 0.83
PRY Paraguay 0.43 0.72
ROM Romania 0.63 0.61
RWA Rwanda 0.37 0.73
SAU Saudi Arabia 0.89 1.36
SDN Sudan 0.47 0.65
SEN Senegal 0.39 0.77
SGP Singapore 0.89 1.01
STP Sao Tome and Principe 0.33 1.13
SWE Sweden 1.21 0.79
SWZ Swaziland 0.60 0.90
SYR Syria 0.72 0.70
TGO Togo 0.36 0.41
THA Thailand 0.49 0.86
TTO Trinidad &Tobago 0.77 0.96
TUN Tunisia 0.62 1.10
TUR Turkey 0.78 0.78
TZA Tanzania 0.35 0.45
UGA Uganda 0.40 0.70
URY Uruguay 0.64 0.92
USA United States 1.00 1.00
VEN Venezuela 0.73 0.90
VNM Vietnam 0.37 0.88
ZAF South Africa 0.74 1.02
ZMB Zambia 0.42 0.54
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