
1. Introduction

The growth of international trade has been well documented. Both Krugman (1995) and

O’Rourke and Williamson (1999) document the evolution of trade over the last one hundred

and fifty years and come to similar conclusions. O’Rourke and Williamson split the period in

three eras. The first period of ”globalization” started in the mid 1800s and lasted untill 1913.

Due to a lot of similarities, including the growth of trade, this period is often compared with

the current period.1 One of the consequences of deglobalization in the interwar period is the

sharp decrease in trade flows. As pointed out by Krugman (1995) the 1913 trade levels were not

reached by the whole world economy until 1985. Bergoeing and Kehoe (1999) reach a similar

conclusion.

There is a wealth of qualitative papers on the recent growth of world trade. Krugman (1995)

argues there are at least four determinants of the growth of trade: repeated liberalization of

trade practices, technological improvements in communications and transportation, changes in

distribution of national incomes among industrial nations, and ”slicing up the value chain” which

brought about a reallocation of production activities across the globe.

Baier and Bergstrand (2001) use gravity equations to study the growth of intra-OECD trade

from late 1950s to the late 1980s. They conclude that income growth explains about 67%, tariff

rate reductions about 25%, and transportation cost declines about 8% of the growth of trade.

Evenett and Yeung (2000) conclude that trade liberalization is the primary vehicle of the recent

1 The period 1950-present is often divided into two periods. 1950-1980 of slow growth of world

trade and 1980-present of faster growth. For the purpose of this paper I only identify periods

during which trade was generally increasing or decreasing.
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growth of trade. Rose (1991) provides a statistical non-model-based study of the growth of

international trade by industrialized countries.

The rest of this literature uses the tools of real business cycles and calibrates models of

trade in order to try and match the observed data. Yi (1999) argues that traditional trade

models, in particular Ricardian, monopolistic competition, and international real business cycle,

cannot explain the recent growth of trade. However, a dynamic Ricardian model with vertical

specialization explains about 70% of the growth of trade since the 1960s. Bergoeing and Kehoe

(2001) calibrate a ”new trade theory” model based on product differentiation, increasing returns,

and imperfect competition. Their model explains much of the increased concentration of trade

among industrialized countries, but cannot explain the enormous increase in the ratio of trade

to income. They suggest that policy changes, rather than the elements emphasized in the new

trade theory, have been the most significant determinants of the increase in the volume of trade.

This paper is a part of the renewed interest in the Ricardian model and its ability to ex-

plain international trade. Eaton and Kortum (2000) develop a Ricardian model incorporating

technological innovation and geography to study trade volumes, price dispersion, and produc-

tivity differences in bilateral OECD trade. Bernard, Eaton, Jensen, and Kortum (2000) modify

that model to allow for imperfect competition and trade between many nations attempting to

account for several stylized facts about the plant-level characteristics of US exporters. Evenett

and Yeung (2000) focus on aggregate implications of the model with a continuum of goods for

the growth of trade.

The growth of trade literature primarily focuses on explaining the growth of trade since

World War II or more recently since the 1970s. This is the first paper to employ a structural

model to study the growth of trade over the long run - 1884 to 1992 - and hence connects two
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eras considered by economists to be very similar in the context of globalization. Two papers

by O’Rourke and Williamson (1999, 2001) offer a similar historical perspective, but do not use

structural models to explain the growth of trade.

In this paper I employ the Ricardian model to decompose the growth of aggregate import

shares into changes in trade impediments and supply side parameters. There are two key find-

ings. First, using data on five countries, trade impediments (e.g., tariff rates and transportation

costs) cannot alone explain the evolution of trade. In about half of counterfactual exercises,

changes in trade impediments overpredict the import shares, while in the other half they under-

predict import shares. This implies that there must have been certain supply side changes, such

as decreases in relative productivity differences and changes in technology, affecting comparative

advantage. These changes sometimes reinforced and sometimes opposed the effects of changes

in trade impediments. This is the second key finding.

The paper is organized as follows. The next section presents the Dornbusch, Fischer, and

Samuelson (1977) version of the Ricardian model with a continuum of goods and its extension

by Evenett and Yeung (2000). A theoretically derived functional form for the share of imports

in national income and an index of international specialization derived by Evenett and Yeung

(2000) are presented. Section 3 describes the data. In section 4 a key supply side parameter,

describing comparative advantage, is estimated using ordinary least squares as well as using a

combination of weighted least squares and autoregression of degree one. Estimation results are

employed in section 5 to decompose the growth of imports for the sampled countries. Section 6

addresses data and estimation concerns. Section 7 concludes.
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2. The Model

The standard assumptions of the Dornbusch, Fischer, and Samuelson (1977) (DFS henceforth)

extension of the Ricardian model of international trade are maintained throughout the paper.

There are two countries, home and rest of the world (ROW). Goods are indexed along the

unit interval [0, 1] and denoted by z. Each good can be produced using constant unit labor

requirements specific to each country. Let the function A(z) denote the ratio of ROW’s to

home’s unit labor requirements. Goods are indexed according to the declining home country’s

comparative advantage implying that A(z) is downward sloping by construction.

As shown in DFS, introduction of tariff rates (t for home, and t∗ for ROW) and trans-

portation costs creates a region of nontraded goods. Figure 1 shows this clearly. Tariff rates

and transportation costs shift the A(z) schedule to the right and to the left, creating two new

schedules, A(z)g
(1+t) and A(z)(1+t∗)

g . For any wage rate ratio, ω = w
w∗ , we can define the borderline

commodities as well as goods which will be exported and imported by the home country as

well as the nontradables. The home country has comparative advantage in the range of goods

[0, zF ]. These are imports of the ROW (denoted m∗). Goods in the range [zF , zH ] are not traded

internationally, while those in the range [zH , 1] are imported by the home country (denoted m).

Evenett and Yeung (2000) (EY henceforth) use this feature of the model to derive an index

of international specialization. The index is the ratio of the ROW’s spending share on home’s

goods and home’s expenditure share on goods produced at home, m∗
1−m . It can be shown, but

should be obvious from Figure 1, that this index lies between 0 and 1. To derive the functional

form for this index, denoted IS , EY assume that the function A(z), is of the following form:

∀z ∈ [0, 1] A(z) = Bz−
1
n where B,n > 0. Parameter n captures the rate at which the home
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country loses its comparative advantage as index z increases along the unit interval. Parameter

B is the lowest value of the ratio of the ROW’s unit labor requirements to those in the home

country, and reflects the greatest relative unit labor advantage in the ROW. Together with some

other assumptions2 EY show that the index of international specialization can be written as

IS ≡ m∗

1−m
=

µ
g2

(1 + τ)(1 + τ∗)

¶n
≡ (IM )n. (1)

The model also allows for counterfactual exercises for prediction of the effects of changes

in trade impediments on equilibrium imports and relative wages. Denote observed levels of

imports, equilibrium wages, tariffs, and international transportation costs with a subscript 0;

counterfactual levels with a subscript 1; the ratio of the counterfactual value to the observed

value is denoted

µγ ≡
µ
γ1
γ0

¶
, γ ∈ {m,ω, 1 + τ , 1 + τ∗, g} .

For levels of imports, the ratio of the counterfactual (m1) and observed (m0) values is

µm ≡
µ
m1

m0

¶
.

EY derive an expression for the ratio of the counterfactual and observed shares of imports in

national income to be,

µm ≡
µ
m1

m0

¶
=

µ
1

m0

¶"
1− (1−m0)

µ
µωµg
µ1+τ

¶−n#
. (2)

2 For the full derivation of the model refer to Evenett and Yeung (2000).
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All parameters in this expression are known except for the supply side parameter n and µω.

While parameter n is estimated, EY derive an expression for µω to be,

µω =

³
µ1+t
µ1+t∗

´
³

1
m0

´½³
µωµ1+t∗

µg

´−n
− (1−m0)

³
µ1+t∗µ1+t
(µg)

2

´n¾ . (3)

As EY note, these expressions highlight the importance of the supply side parameter n for

the effect of change in trade impediments. They also point out that the expressions for µω and

µm do not depend on initial levels of relative wages ω0 nor the economy-wide parameter B.

This enables us to generate forecasts of the effect on imports of changes in trade impediments

without collecting wage and productivity data.

3. Data and Preliminary Analysis

I will now give a short description of the data. Annual data on trade flows, national income,

trade impediments, and exchange rates were collected from 1884 through 1992 for each of the

following six countries: Canada, Denmark, France, Sweden, the United Kingdom, and the United

States. Six samples with 109 annual observations were then constructed with each country in

turn being the home country and the rest being combined into the ”rest of the world.” Unless

otherwise noted, all data is from Mitchell (1998a, b). A brief description of the construction of

each variable follows. For detailed description of sources see that data appendix.

3.1. National Income and Trade Flows

National income data for France, Sweden, the UK, and the US were taken from Bergman, Bordo,

and Jonung (1998). All national income data is GDP except for the US, which is GNP. The
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share of country i’s imports in its GDP in year t was computed to yield the measure of mit. The

measure of import share of country i’s trading partners, m∗it, is the ratio of country i’s exports

in year t and the total GDP of its trading partners in the same year. Given these measures, ISit

can be computed.

3.2. Trade Impediments

The proxies for the uniform tariff rates (τ and τ∗) are average tariff rates constructed using

customs data. Customs data for the UK beyond 1965 are not available in Mitchell (1998b).

That data was obtained from the OECD Statistical Compendium. This switch in data sources

is potentially problematic. I will return to this issue as I interpret estimation results.

The average tariff rate, τ it, is the ratio of customs collected by country i in year t and the

value of its imports in that year. The relative benefits and deficiencies of this summary statistic

are well known. While it does not take into account wide variations in tariff rates across goods,

this measure as EY point out, allows a role for tariff exemptions, which is not possible with

summary statistics based on published tariff rates. Given the length of the analysis period, this

measure is the only one that can be constructed as all tariff rates for every country for every

year are not readily available.

The proxy for the ROW’s tariff rate, τ∗it, faced by country i’s exporters, is taken from EY.

They use a GDP-weighted, rather than an imports-weighted, average of tariff rates collected

in the other five countries in the sample due to concerns about endogeneity of import weights.

Specifically, they employ

τ∗it =


X6

k=1,k 6=iGDPktτktX6

k=1,k 6=iGDPkt

 .
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It should be noted that there were no adjustments made concerning free trade treaties between

the countries included. While data on treaties are readily available, data on trade flows between

treaty countries are not.3

The proxy for international transportation costs is the reciprocal of the aggregate cif/fob

ratio derived from the bilateral trade flow data. Data from Mitchell (1998a, b) were used up to

1948, while for the later years various IMF publications were used. As an example, if imports

and exports are reported cif and fob respectively, then the ratio of reported Canadian imports

from its trading partners and reported Canadian trading partners’ exports to Canada should

give us the implied cif/fob ratio. Transportation costs computed prior to the usage of IMF data

are too volatile as shown in Figure 2. This is likely due to the fact that those data points were

computed using bilateral trade between the home country and at most four other countries as

well as probable measurement errors. It can be seen from Figure 2 that some transportation

costs are greater than one while in theory they should all be less than one. Mismeasurements

such as these would introduce bias in OLS estimates. The bias from badly measured data can

be decreased by not using those observations. In estimation, to which I now proceed, I drop

observations for years in which the calculated transportation costs are greater than one.

4. Estimation

The supply side parameter n plays a key role in determining the effect of trade impediments

on trade flows. It describes the evolution of home country’s relative labor productivity as one

3 This should not present a big problem as the average tariff rate measure allows exemptions

from tariffs.
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moves along the unit interval. Recall that the expression for IS relates the measure of the size

of the traded goods sector to the prevailing trade impediments and the supply side parameter

n. This relationship can be used to estimate the key supply side parameter n. For estimation

purposes, equation (1) was linearized by taking natural logs of both sides, and a constant term

was added. The estimation model is:

ln(ISit) = ci + ni · ln
µ

g2it
(1 + τ it)(1 + τ∗it)

¶
+ νit,

where c is the constant term, subscript i refers to the home country, subscript t is a time index,

and νit is the error term.

Table 3 presents the OLS estimates for each country. Estimates of the supply side para-

meter are all positive, but in the case of France and the UK it is not significant. To check

for robustness of these estimates I test for the presence of heteroscedasticity and autocorrela-

tion. Heteroscedasticity is a concern as transportation cost data is very noisy, while I check

for autocorrelation since I am dealing with time series data. To test for heteroscedastic resid-

uals, squared OLS residuals and absolute values of OLS residuals were regressed on a constant

term and the independent variable, ln(IM ). Heteroscedasticity is present if the estimated coef-

ficient of ln(IM ) is significant. Autocorrelation in residuals is indicated by the significance of

the estimated coefficients when regressing OLS residuals on one period lagged OLS residuals.

Autocorrelation is present in all cases, while heteroscedasticity is not present in the case of the

UK. I proceed to correct the data.
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4.1. Correcting the Data

I model heteroscedasticity and autocorrelation as follows:

ln(ISt) = x0tβ + utS,

ut = ρut−1 + υt,

where ln(ISi) is the dependent variable, xt is the matrix of covariates (the constant term and

ln(IM )), ut is the error term, S is the heteroscedastic function, ρ is the autoregressive term, and

υt is the error term in the autoregressive equation. I first estimate the heteroscedastic function

S, to get an estimate of the variance of the residual. I use the standard deviation of the residual

as weights for weighted least squares (WLS). Autoregression of the first degree is then estimated

using the weighted data.

I estimated the heteroscedastic function using semiparametric least squares (SLS) following

Ichimura (1993). The estimation model is:

u2t = S(α+ b1x1t + b2x2t + ...+ bnxnt) + ηt,

where u2t are the squared OLS residuals, and S(α+b1x1+b2x2+ ...+bnxn) is the heteroscedastic

function of α and covariates (x1, x2, ..., xn), and ηt is the error term. Since S(α+x0tβ) is estimated

semiparametrically, it is impossible to identify α and one of the coefficients on covariates. Hence,

α is set to zero and b1 to one. The semiparametric estimation approach is used in order to avoid

making any parametric assumptions about the functional form of the heteroscedastic function.

The variables used to estimate S(α + x0tβ) are: IM , GDP, CPI, exchange rates (the price of
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gold for the US), their squared values and all interaction terms. Different combinations of these

variables were used for different countries in order to solve the problem of heteroscedasticity.

The estimated coefficients of bS(α + x0tβ) are presented in Table 4. Since bS(α + x0tβ) is the

estimated variance of the residual, to get the standard deviation to be used as weights I need to

take the square root of bS. Let Git =

qbSi(x0tβ), then the WLS model estimated is

ln(ISit)

Git
=

ci
Git

+ ni · ln (IMit)

Git
+ vit,

where vit is the new homoscedastic residual.

Next I ran vit = ρvit−1+ζt in order to estimate the coefficient ρ to be used when estimating

the autoregression of the first order,

µ
ln(ISit)

Git
− ρ

ln(ISit−1)

Git−1

¶
= ci ·

µ
1

Git
− ρ

1

Git−1

¶
+

+ni ·
Ã
ln (IMit)

Git
− ρ

ln
¡
IMit−1

¢
Git−1

!
+ εit,

where ci is a constant term and εit is the new residual without heteroscedasticity and autocor-

relation. Table 5 reports the results of WLS with AR(1). Since there is no heteroscedasticity

in the UK data, in that case I just run AR(1). With the corrected data I can now estimate the

supply side parameter for each country.

4.2. Estimating the Supply Side Parameter

The supply side parameter is estimated for each country using the methodology described above.

Results are shown in Table 5. Estimates are positive for all countries but France which has a
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statistically significant negative estimate, contrary to the implications of the model. Due to this,

France is not included in counterfactual exercises. All the models are statistically very significant,

except the UK. All Wald χ2(3) statistics are highly significant. Canada has the largest estimated

supply side parameter n, while the UK has the smallest one. The size of the estimated parameter

plays an important role in counterfactual exercises - the higher the estimate the greater the

responsiveness of import shares to changes in trade impediments. Having estimated the supply

side parameter, n, I proceed to counterfactual exercises.

5. Decomposing the Growth of Imports

The growth of imports is decomposed into three components: changes in tariff rates (τ i, τ∗i ),

changes in international transportation costs (gi), and changes in supply side factors (Bi, ni,
L∗i
Li

).

Using equations (2) and (3) and holding the supply side of the economy constant, I can calculate

forecasts of the import share in national income that would have prevailed if the height of any

trade impediment changed. For each country used, I forecast what the import share would have

been in 1884-86 had the transportation costs and tariff rates in 1990-92 prevailed in 1884-86. I

repeat his exercise to forecast 1931-33 and 1970-72 import shares had 1990-92 trade impediments

prevailed at those times. For each forecast, I examine the effect of each trade impediment alone

and their combined effect to investigate whether they can explain the growth of trade. If the

observed import share in 1990-92 falls within the forecast’s 95 percent confidence interval, then

the trade impediments alone can explain the growth of trade. If not, then the difference between

observed and forecasted import shares is accounted for by changes in supply side factors, the

other determinants of trade flows in this model (international technology differences and relative
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labor forces) as well as unobserved trade impediments such as non tariff barriers.

I cannot find the exact distribution of these forecasts so the empirical distribution was

recovered.4 Table 6 presents the mean, 2.5th, and 97.5th percentile for each forecast. The

table reports forecasts of import shares if tariff rates changed but not transportation costs, if

transportation costs changed but tariff rates remained constant, and if both trade impediments

changed. Comparing the third column with forecasted import shares we can see that only in

the case of the UK does the 1990-92 import share fall within the 95 percent confidence interval

of the 1931-33 forecasted import shares. In this particular case, the combined effect of tariff

rates and transportation costs does explain the growth of trade. It is interesting to note that

either of the impediment alone cannot explain the growth of trade and forecasts lower trade

than observed. In all other cases the forecast either predicts higher than observed or lower than

observed trade.

The 1884-86 forecasts are generally higher than the 1990-92 observed import shares, sug-

gesting that supply side changes and unobserved trade impediments curbed the growth of trade.

Canadian import shares would have been between 8 and 24 percentage points higher than ob-

served in 1990-92. UK’s imports would have been between 6 and 8 percentage points higher,

while for the US the difference is between 3 and 5 percentage points. The model suggests

that the combined effect of both trade impediments on Swedish imports would be to decrease

import shares. This result seems to be driven by transportation costs since tariff rates alone

4 1000 draws were made from the distribution of the fitted value of ni. Each draw is used to

compute a forecast of import shares yiedling 1000 of points of the empirical distirbution of the

forecast.
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would increase the observed import shares. The more recent forecasts, the 1931-33 and 1970-72,

underpredict import shares, indicating that forces that previously curbed the growth of trade

helped it during this period. One explanation for the observed results is the possibility of chang-

ing technology differences across countries. These supply side changes over time can cause the

difference in predicted import shares over different time periods. This point will be discussed in

greater detail in the next section.

It is interesting to compare the forecasted import shares for each starting point and the

observed import shares at the starting point. In all cases but Canadian they are very close.

The reason for this is the size of the estimated supply side parameter n. Since it is greater than

1 only for Canada and for other countries it is less than 0.25, any changes in trade impediments

which shift the A(z) schedule will not have a big impact on import shares. The reason is that

the parameter n determines the slope of A(z) and a small n implies a very steep curve which

when shifted due to changes in trade impediments will not have a big impact on import shares

at any level of relative wages. This is the main reason why in the later time periods forecasted

import shares are lower than the observed import shares.

Trade impediments alone cannot explain the growth of trade. An interesting finding is that

other factors determining trade in this model caused lower trade in the earlier time periods,

but increased trade during the later periods. This could signal some fundamental changes in

determinants of international trade during this time period.

15



6. Concerns and issues

One of the major concerns is the quality of the data. As was discussed earlier, the customs

data for the UK come from two clearly distinct sources which could be the reason for the weaker

performance of the model for the UK. The other data concern is the quality of the transportation

cost data.

Transportation costs data prior to 1958 are based on bilateral trade of at most four countries,

and in the case of Denmark and Sweden only between the two of them. This results in high

volatility of transportation costs, particularly when compared to post 1958 transportation costs

which are not nearly as volatile. This is also the reason why there are some transportation costs

greater than one when they should all be less than one. Throwing these out decreases bias in

OLS estimates. A similar argument could be made for some exceptionally low transportation

costs, such as those for Sweden at the beginning of the sample and France during the 1940s. It is

unlikely that transportation costs were that high (as much as 50%) for Sweden. However, there

are no a priori lower bounds that can be put on transportation costs modeled as Samuelson

iceberg costs.

Baier and Bergstrand (2001) point out certain problems with using both bilateral and multi-

lateral cif/fob ratios. Bilateral trade flows may not be reliable estimates of transportation costs

because not all fob-valued exports from, for example, Canada arrive to Denmark. This implies

that the ratio of Danish cif-valued imports from Canada to Canadian fob-valued exports does

not reveal the gross bilateral cif/fob transportation cost factor. As far as the multilateral cif/fob

ratios from IMF’s data sources goes, their use ”assumes that declines over the (approximately)

30-year period in an importing country’s transportation costs and insurance costs were propor-
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tionate among the suppliers” (p. 15). Unfortunately, there are no readily available continuous

series of transportation costs for this time period for these countries.

As Evenett and Yeung (2000) discuss, there are a priori arguments for ni to be increasing over

time due to potential decreases in relative productivity differences over goods and industries as

production technologies became similar. This would capture changes in technology differences

and comparative advantage. They estimate ni increasing over time using the Aikaike information

criteria to pick the breaks. In this paper, I chose to estimate ni constant over time. It would be

valuable to see if and how ni changes over the sample used in this paper. This point is left for

future research.

The last major concern is the lack of non-tariff barriers in this model. They were excluded

because very little data exists for the period prior to World War II. They could have significant

effects on the growth of trade as they could be at least a part of the explanation why tariffs

and transportation costs cannot alone explain the growth of trade. Evenett and Yeung (2000)

use the Australian data on non-tariff barriers and find that their quantitative results do not

change: tariff rates and transportation costs can more then account for the growth of trade, the

supply side parameter is increasing over time, and supply side changes have a negative effect on

the growth of trade. Since there is some data on certain non-tariff barriers after 1950s, these

could be combined to create a measure of the average non-tariff barrier and incorporated in

the model to study their effects. The problem with non-tariff barriers is not only that data for

some periods are not readily available, but also when they are available constructing the average

non-tariff barrier measure is not straightforward. Most data on non-tariff trade barriers indicate

their presence but not their effectiveness.
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7. Conclusion

This paper employs a Ricardian model of international trade to decompose the growth of trade

into tariff rates, transportation costs, and supply side changes. Since the data exhibits both

heteroscedasticity and autocorrelation, I first correct these problems and then estimate the key

supply side parameter is. Once the supply side parameter is estimated, counterfactual exercises

are performed. The results imply that trade impediments in general cannot explain the evolution

of trade on their own. They either predict larger than or smaller than observed import shares.

This implies that supply side changes brought about by technology changes are an important

part of the story of the growth of trade.

There are two possible explanations for the inability of trade impediments to completely

account for the growth of trade. The first one is that there are no non-tariff trade barriers and

other unobserved trade impediments in the model. They could be able to explain some of the

changes. However, since Evenett and Yeung (2000) show that this is not the case for Australia

from 1970-1992, the non-tariff barriers may not be the right answer. The other remaining factor

in this model is technology. Incorporating a richer model of technology, such as used by Eaton

and Kortum (2000), and allowing the supply side parameter to change over time may do a better

job explaining the growth of trade. However, due to the data requirements for the model used

by Eaton and Kortum (2000), this may not be possible for the whole time period under study

in this paper.
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A. Data

A.1. National Income and CPI Data

GDP data for Denmark and Sweden were taken from Mitchell (1998a,b), while that for Canada,

France, the UK, and the US from Bergman, Bordo, and Jonung (1998). All national income

data is GDP except for the US which is GNP. CPI data was taken from Bergman, Bordo, and

Jonung (1998) and Bordo and Schwartz(1996).

A.2. Trade Flow Data

The trade flow data was taken from Mitchell (1998a,b). Proxies for the average tariff rates

were constructed using customs data from Mitchell (1998a,b). For the UK customs data are

not available in Mitchell (1998a,b) after 1964 and were obtained from the OECD Statistical

Compendium. The customs data for the UK is particularly suspect as it is unlikely that the UK

had such a tremendous jump in tariff rates between 1930-1964 as shown in the data. Swedish

customs data for 1923 is for half of year only. This number was doubled to get an estimate of

the annual customs revenue for that year.

A.3. Transportation Costs Data

Transportation costs were calculated from the bilateral trade flow data. Taking the United

States as an example, the implied cif/fob ratio for the US will be the ratio of cif reported US

imports from its trading partners and fob reported exports by US trading partners to the US.

In this paper, for the US, this was as follows: US cif reported imports from Canada, France,

Japan, and the UK divided by fob reported Canadian, French, Japanese, and UK’s exports to
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the United States. For Canada the countries used were the UK and the US; for Denmark it was

Sweden; for France they were Italy, the UK, and the US; for Sweden it was Denmark; and for

the UK they were Canada, France, and the US.

There are obvious problems with the implied transportation costs as some of them are below

one, while some seem unusually high (Sweden at the beginning of the sample). The quality of the

data deteriorates as I move toward the later parts of the sample as the majority of transportation

costs calculated are greater than one. For that reason IMF data was used and combined with

those from Mitchell.

Data from Mitchell was used to construct cif/fob ratios for Canada, the UK, and the US for

the period until 1948, for Denmark and Sweden until 1958, and for France until 1968. Canadian,

French, UK, and US ratios for the later years were calculated from IMF’s International Financial

Statistics which reports imports on both cif and fob basis for these countries. The ratios for

Denmark and Sweden were calculated using IMF’s Direction of Trade Statistics data. One

question emerged in construction of these ratios - what countries to use in the construction of

transportation costs. Originally this was done only with Danish and Swedish bilateral trade data

since only their bilateral trade was used to construct their transportation costs for the earlier

years. However, the results were rather poor. Most of the ratios were greater than one just

like Mitchell’s (1998) data. Then the set of countries was expanded to include all the countries

in this study, so that Danish and Swedish transportation costs are based on their trade with

Canada, France, the UK, the US, and each other.
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A.4. Exchange Rate Data

Exchange rate data was used to convert GDPs and bilateral trade amounts to US dollars.

Exchange rates for France, Italy, Japan, and the UK were obtained from the Global Financial

Data web site, while those for Canada, Denmark, and Sweden were taken from Bordo and

Schwartz (1996). All the exchange rates are official exchange rates.
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B. The Ricardian Model with a Continuum of Goods

B.1. Predictions for the Direction of Trade

There are two countries in the model, called ”home” and the ”rest of the world” (denoted ROW).

Asterisks are used to denote all the variables which relate to the ROW. Each country has an

exogenous supply of labor (denoted L and L∗ respectively), that is perfectly mobile within a

nation and perfectly immobile between nations. There is a continuum of goods, indexed on the

unit interval [0, 1] and produced in a perfectly competitive market. Labeling goods with z, each

good is produced in both countries according to unit labor requirements, denoted a(z) and a∗(z)

respectively. Goods are indexed along the unit interval according to diminishing home country

comparative advantage. Define:

A(z) ≡
µ
a∗(z)
a(z)

¶
.

Function A(z) is by assumption continuous and monotonically decreasing in z.

Both countries can impose an ad valorem tariff rate, t and t∗ respectively, on all imports.

Furthermore, goods transported internationally incur costs which are formulated as a Samuelson

iceberg - only a proportion 0 < g ≤ 1 of an internationally transported good reaches its destina-

tion country. Lower values of g indicate higher international transportation costs. In addition,

by assumption the transportation costs parameter is common to all goods and does not differ

across countries. Wages in both countries, denoted w and w∗ respectively, are measured in any

common unit.

I can now locate the set of goods that will be produced in each country for any pair of

nominal wages (w and w∗). Producers in the home country will produce the goods for which the
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price is less than, or equal to, the price of goods produced by the ROW inclusive of any tariff

payments and international transportation costs. A good z is produced in the home nation if

wa(z) ≤
µ
w∗a∗(z)(1 + t)

g

¶
.

Define the ratio of the nominal wage rates as ω ≡ ¡ w
w∗
¢
. Using this notation a good will be

produced at home if ω ≤ A(z)
³
1+t
g

´
. Implicitly define the borderline commodity z such that

ω = A(z)
³
1+t
g

´
. Denoting the inverse function of A(z) by A−1(z), z = A−1

³
ωg
1+t

´
. The

home country produces all goods z such that 0 ≤ z ≤ z. It can be shown that the ROW

produces all goods z such that z∗ ≤ z ≤ 1, where z∗ = A−1
³
ω(1+t∗)

g

´
. As long as any trade

impediments exists, irrespective of the relative wage ω, then z∗ < z and a set of goods z ∈ [z∗, z]

are produced by both countries and are not internationally traded. The home country produces

goods z ∈ [0, z] but trades only in goods z ∈ [0, z∗]. The share of the home nation’s goods which

are sold on international markets is given by the ratio z∗
z and is less than one.

B.2. Deriving Functional Forms Relating Trade Flows to Comparative Advantage

and Trade Impediments

The following expressions were originally derived in Evenett and Yeung (2000). They imposed

two assumptions on the theoretical model above:

Assumption 1 ∀z ∈ [0, 1] s(z) = 1.

Assumption 2 ∀z ∈ [0, 1] A(z) = Bz−
1
n where B,n > 0.

Assumption 1 specifies the demand side of the model and in effect neutralizes the influences of

preferences on the direction of trade and the equilibrium wage rate. Parameter n, in assumption
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2, captures the rate at which the home country loses its comparative advantage as good index

z increases along the unit interval. Parameter B is the lowest value of the ratio of the ROW’s

unit labor requirement to those in the home country. It reflects the greatest relative unit labor

advantage in the ROW. A uniform proportional reduction in the unit labor requirements in the

home nation will increase B and shift the entire A(z) function upwards.

Assumption 1 allows us to find empirical counterparts to borderline commodities. Specifi-

cally,

m∗ =
Z z∗

0

s(z)dz = z∗,

m =

Z 1

z

s(z)dz = 1− z.

Let IS denote the proportion of the home country’s goods that are sold on international markets.

I can calculate this proportion with observables using assumption 1.

IS =

µ
z∗

z

¶
=

µ
m∗

1−m

¶
.

Assumption 2 gives us the following functional forms for the borderline commodities,

z∗ = A−1
µ
ω(1 + t∗)

g

¶
=

µ
ω(1 + t∗)

Bg

¶−n
,

z = A−1
µ

ωg

(1 + t)

¶
=

µ
ωg

B(1 + t)

¶−n
.

Assumption 1 identifies the trade flow which is the empirical counterpart to each of the borderline

commodities, whereas assumption 2 provides a functional form which relates the international

technology differences and trade impediments to the location of each borderline commodity in
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the unit interval. Combining the implications provided by these two assumptions yields

m∗ =
µ
ω(1 + t∗)

Bg

¶−n
,

m =

µ
ωg

B(1 + t)

¶−n
,

IS ≡
µ

m∗

1−m

¶
=

µ
g2

(1 + t)(1 + t∗)

¶n
.

This expression for IS highlights the importance of the supply side parameter n - it determines

the combined impact of a country’s international transportation costs and tariffs on the size of

its traded goods sector. This parameter in effect determines how many domestically produced

goods are protected by a given level of tariffs and international transportation costs.

B.3. Deriving Expressions for the Effect of Changing Trade Impediments on Imports

and Relative Wages

Denote the observed level of imports, tariffs, international transportation costs, and relative

wages by m0, t0, t∗0, g0, and ω0 respectively.. Let m1 and ω1 denote the counterfactual level of

imports (m1) and relative wages (ω1) that prevail when trade impediments t1, t∗1, and g1 are in

place. And denote

µx ≡
µ
γ1
γ0

¶
where γ ∈ {m,ω, 1 + t, 1 + t∗, g},

and, for example,

µ1+t ≡
µ
1 + t1
1 + t0

¶
.
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From the import equations

µm∗ ≡
µ
m∗1
m∗0

¶
=

³
ω1(1+t

∗
1)

Bg1

´−n
³
ω0(1+t∗0)

Bg0

´−n = µµωµ1+t∗µg

¶−n
,

and µ
1−m1

1−m0

¶
=

³
ω1g1

B(1+t1)

´−n
³

ω0g0
B(1+t0)

´−n = µµωµgµ1+t

¶−n

=⇒ µm ≡
µ
m1

m0

¶
=

µ
1

m0

¶(
1− (1−m0)

µ
µωµg
µ1+t

¶−n)
.

The initial trade impediments and imports (those denoted by subscript zero) are observed, and

the counterfactual trade impediments are chosen by the researcher. The two remaining pieces

of information that I need in order to use the above expressions are the parameter n and an

expression for µω. Determination of the equilibrium wage ratio in this model must be considered

to obtain an expression for µω. For simplification purposes one additional assumption is needed.

Assumption 3 Tariff revenues are not redistributed as lump sum payments to consumers.

One interpretation of this assumption is that tariff revenues are used to finance pure public

goods, such as national defense. With this assumption, the trade balance condition, which

determines the equilibrium wage ratio ω, can be written as

ω =

µ
m∗

m

¶µ
1 + t

1 + t∗

¶µ
L∗

L

¶
.
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Using this expression, I can obtain the equilibrium wage ratio as

µω ≡
µ
ω1
ω0

¶
=

µ
m∗1
m∗0

¶µ
m0

m1

¶µ
1 + t1
1 + t0

¶µ
1 + t∗0
1 + t∗1

¶
=

µ
µm∗µ1+t
µmµ1+t∗

¶
.

Substituting in the expressions for µm∗ and µm yields

µω =

³
µωµ1+t∗

µg

´−n ³ µ1+t
µ1+t∗

´
³

1
m0

´½
1− (1−m0)

³
µωµg
µ1+t

´−n¾ .

Rearranging this expression I get

µω =

³
µ1+t
µ1+t∗

´
³

1
m0

´½³
µωµ1+t∗

µg

´−n
− (1−m0)

³
µ1+t∗µ1+t
(µg)

2

´n¾ .

There exists a unique positive value of µω that solves the above implicit equation for any given

µ1+t, µ1+t∗ , µg, and m0. Consider the following. The left hand side of this expression increases

monotonically in µω. When 0 < µω < (1 −m0)
1
n

³
µ1+t
µg

´
the right hand side is negative. At

µω = (1 −m0)
1
n

³
µ1+t
µg

´
the right hand side explodes, and when µω > (1 −m0)

1
n

³
µ1+t
µg

´
any

increase in µω decreases the right hand side towards zero. By continuity there must exist a

unique value µω > (1 −m0)
1
n

³
µ1+t
µg

´
> 0 equating the left and right hand sides of the above

expression.
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Table 1 - Export shares

Country 1870 1884 1913 1933 1950 1970 1985 1993
Canada 0.15 0.15 0.17 0.15 0.17 0.19 0.25 0.26

Denmark 0.17 0.18 0.28 0.21 0.21 0.23 0.29 0.28
France 0.12 0.12 0.14 0.07 0.11 0.13 0.19 0.16
Sweden 0.17 0.18 0.21 0.14 0.18 0.2 0.3 0.27

UK 0.19 0.17 0.21 0.09 0.17 0.16 0.22 0.19
US 0.06 0.06 0.06 0.03 0.04 0.04 0.05 0.07

Table 2 - Summary statistics

Mean Std. Dev. Mean Mean Mean
country 1884-1993 1884-1993 1884-1913 1914-1949 1950-1993
Canada 0.182 0.033 0.189 0.174 0.183
Denmark 0.277 0.060 0.303 0.239 0.291
France 0.150 0.058 0.152 0.154 0.146
Sweden 0.204 0.044 0.227 0.162 0.222
UK 0.226 0.051 0.281 0.210 0.202
US 0.047 0.020 0.049 0.035 0.056

Mean Std. Dev. Mean Mean Mean
Country 1884-1993 1884-1993 1884-1913 1914-1949 1950-1993
Canada 1.117 0.054 1.178 1.132 1.064
Denmark 1.048 0.032 1.087 1.051 1.019
France 1.120 0.061 1.089 1.114 1.146
Sweden 1.065 0.036 1.103 1.078 1.028
UK 1.130 0.130 1.052 1.201 1.126
US 1.126 0.087 1.245 1.123 1.047

Mean Std. Dev. Mean Mean Mean
Country 1884-1993 1884-1993 1884-1913 1914-1949 1950-1993
Canada 1.114 0.053 1.165 1.132 1.066
Denmark 1.115 0.053 1.166 1.132 1.066
France 1.115 0.055 1.170 1.132 1.063
Sweden 1.115 0.054 1.169 1.133 1.064
UK 1.115 0.055 1.175 1.130 1.063
US 1.114 0.052 1.166 1.132 1.065

Mean Std. Dev. Mean Mean Mean
Country 1884-1993 1884-1993 1884-1913 1914-1949 1950-1993
Canada 0.968 0.092 0.886 1.033 0.971
Denmark 0.921 0.077 0.884 0.961 0.913
France 0.907 0.238 0.799 0.857 1.023
Sweden 0.829 0.184 0.641 0.846 0.947
UK 0.954 0.130 0.930 1.028 0.908
US 0.879 0.082 0.801 0.829 0.934

Imports as a share of GDP, m

Average tariff rate, 1+t

Average tariff rate faced by country's exporters, 1+t*

Transportation costs, g



Table 3 - OLS estimates 
p-values are below the estimates and F statistic

country obs constant n adj R2 F(1,obs-2)
Canada 79 -2.386 1.394 0.649 145.292

0.000 0.000 0.000

Denmark 98 -4.777 0.387 0.145 17.444
0.000 0.000 0.000

France 96 -2.953 0.074 -0.006 0.395
0.000 0.531 0.531

Sweden 98 -4.904 0.240 0.392 63.651
0.000 0.000 0.000

UK 85 -3.200 0.096 -0.01 0.167
0.000 0.684 0.684

US 107 -1.845 0.329 0.095 100.98
0.000 0.000 0.000

Table 4 - Estimated heteroscedastic function
p-values are below the estimates 

country Canada Denmark France Sweden US
gdp 0.401 1.302 1.662 0.637 1.125

0.587 0.768 0.825 0.647 0.812
cpi -0.446 -2.953 -1.406 -0.103 -2.020

0.309 0.510 0.849 0.942 0.510
exr 0.157 -0.480 5.182 -0.089 0.751

0.945 0.480 0.807 0.770 0.788
IM^2 0.486 0.471 1.358 0.650 0.769

0.000 0.090 0.718 0.000 0.002
gdp^2 0.015 -0.063 -0.925 0.105 2.343

0.990 0.995 0.855 0.969 0.882
cpi^2 0.394 2.068 0.137 0.396 4.800

0.834 0.827 0.980 0.889 0.766
exr^2 0.556 -0.266 -4.235 0.232 0.125

0.783 0.526 0.807 0.381 0.933
IM*gdp 0.183 -0.181 0.718

0.878 0.089 0.525
IM*cpi 0.073 -0.011 -0.989

0.948 0.853 0.013
IM*exr -0.648 -0.231 0.503

0.003 0.026 0.576
gdp*cpi -1.936 -0.868 -6.618

0.923 0.875 0.834
exr*cpi 1.595 -0.346 -1.136

0.611 0.727 0.920
gdp*exr -0.274 -0.346 0.642

0.931 0.971 0.932



Table 5 - Weighted least squares with AR(1)
p-values are below the estimates and F statistic
in the case of UK, AR(1) estimates are reported

country constant n ρ Wald χ2(3) Log likelihood
Canada -2.462 1.263 0.813 23680.940 9.636

0.000 0.000 0.000 0.000

Denmark -4.922 0.110 0.821 134448.660 70.590
0.000 0.020 0.000 0.000

France -3.056 -0.114 0.932 6219.000 -4.859
0.000 0.010 0.000 0.000

Sweden -4.952 0.188 0.719 286193.360 63.964
0.000 0.000 0.000 0.000

UK -3.100 0.102 0.987 2335.310 83.303
0.000 0.101 0.000 0.000

US -1.918 0.235 0.867 61808.300 132.122
0.000 0.000 0.000 0.000



Table 6 - Counterfactual results

2.5 percentile Median 97.5 percentile 2.5 percentile Median 97.5 percentile 2.5 percentile Median 97.5 percentile
forecast forecast forecast forecast forecast forecast forecast forecast forecast

country 1884-86 1990-92
Canada 0.177 0.218 0.394 0.428 0.458 0.300 0.321 0.340 0.296 0.317 0.336
Denmark 0.265 0.248 0.268 0.284 0.301 0.267 0.278 0.290 0.267 0.277 0.288
Sweden 0.239 0.216 0.265 0.270 0.275 0.169 0.179 0.189 0.169 0.179 0.189

UK 0.277 0.215 0.274 0.290 0.304 0.275 0.287 0.297 0.275 0.286 0.296
US 0.053 0.088 0.117 0.131 0.145 0.095 0.104 0.114 0.094 0.102 0.112

country 1931-33 1990-92
Canada 0.123 0.218 0.189 0.200 0.211 0.229 0.247 0.264 0.225 0.242 0.258
Denmark 0.234 0.248 0.234 0.236 0.237 0.234 0.236 0.239 0.234 0.236 0.239
Sweden 0.150 0.216 0.157 0.158 0.160 0.141 0.142 0.143 0.141 0.142 0.143

UK 0.173 0.215 0.172 0.183 0.192 0.171 0.191 0.212 0.168 0.199 0.223
US 0.026 0.088 0.045 0.050 0.054 0.006 0.009 0.013 0.006 0.009 0.013

country 1970-72 1990-92
Canada 0.163 0.218 0.192 0.197 0.201 0.191 0.195 0.200 0.186 0.190 0.194
Denmark 0.292 0.248 0.292 0.294 0.295 0.289 0.290 0.292 0.289 0.290 0.292
Sweden 0.198 0.216 0.200 0.201 0.201 0.200 0.200 0.201 0.199 0.200 0.200

UK 0.172 0.215 0.171 0.173 0.174 0.166 0.169 0.172 0.166 0.169 0.172
US 0.041 0.088 0.046 0.047 0.048 0.044 0.045 0.046 0.043 0.043 0.043

Observed import 
share, mean of

1931-33 import shares if 1990-92 

tariffs prevailed

tariffs prevailed
1884-96 import shares if 1990-92 

1970-72 import shares if 1990-92 1970-72 import shares if 1990-92 
transportation costs prevailed tariffs and  transportation costs prevailed

1970-72 import shares if 1990-92 

1884-96 import shares if 1990-92  
transportation costs prevailed

1884-96 import shares if 1990-92  
tariffs and  transportation costs prevailed

1931-33 import shares if 1990-92 
transportation costs prevailed tariffs and  transportation costs prevailedtariffs prevailed

1931-33 import shares if 1990-92 




