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This paper assesses the relative welfare costs of the various embargos and blockades of
the years 1807-1814 in three countries: Britain, France, and the United States.
Relative price evidence indicates that these blockades and embargos did restrict
trade, and that Britain was less severely affected than her rivals. Benchmark welfare
estimates for the United States are particularly high, at roughly 4-5% per annum.
While absolute welfare estimates depend on elasticity assumptions, the US unambigu-
ously came out worst in these disputes, and Britain almost surely suffered lower losses
than France as well.

JEL classifications: N40, N70.

1. Introduction

As is well known, the Revolutionary and Napoleonic Wars of the late 18th and early
19th centuries were not just unusually lengthy and bloody, but involved widespread
economic warfare as well. As early as 1793, when war broke out between Britain
and France, France banned the importation of British manufactured goods, and
Britain set in place a blockade of French ports. However, this trade disruption
would be greatly increased after Napoleon’s military victories over Austria,
Prussia, and Russia in 1805 and 1806. With much of the Continent under his
control, Napoleon’s mercantilist ambitions to starve the British economy of
export revenues now seemed closer to fruition. There followed the famous Berlin
Decree of November 1806, under which all ships arriving from Britain or her
colonies were to be barred from France, as well as from vassal states such as
Naples, Spain, and Holland. The scope of this ‘Continental Blockade’ would
widen further in 1807, following Napoleon’s defeat of a Russian army at
Friedland. Under the subsequent Treaty of Tilsit, Russia and Prussia joined the
blockade, and Portugal and Denmark would soon follow, with Sweden being forced
to join in 1810.
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The Continental Blockade is the best-known example of economic warfare
during this period, but it was not the only one." Three other examples deserve
special attention. First, Britain responded to Napoleon’s blockade with a counter-
blockade of the European continent, issuing a series of ‘Orders in Council’ begin-
ning in November 1807. As a result of these, neutrals were seized if they attempted
to sail directly to an enemy port, without putting in at a British port first. The
Continent was not just in a state of self-imposed blockade, but was facing an
externally imposed blockade as well.

Second, these Franco-British manoeuvres would have serious implications for
neutral powers, and not just within Europe, where countries such as Sweden and
Denmark found themselves caught up in the dispute despite their desire to remain
aloof from it. In particular, the young United States now found itself involved as
well. Napoleon responded to the British Orders in Council by declaring that neutral
ships putting into British ports would be seized by the French authorities. The
upshot was that American merchants, who as neutrals had for years been carrying
out a lucrative carrying trade between French colonies and France itself, now found
themselves in a position whereby if they continued to try to do so, then no matter
what they did they would be seized by either the British or the French. Thomas
Jefferson responded with an Embargo Act in December 1807, which closed
American ports to foreign ships and forbade American ships to leave port. As
both Frankel (1982) and Irwin (2005) have shown, this Act succeeded in its
basic aim of reducing the United States to a state of virtual autarky, until it was
repealed in 1809. It was then succeeded by a ‘non-intercourse act’ which only
banned trade with Britain and France, as well as their colonies, and which was
applied with varying degrees of severity over the succeeding years (Heaton, 1941).

A third major development came in 1812, when the United States and Britain
went to war as a result of continuing disputes regarding trade, as well as the
impressment of British seamen aboard American merchant vessels. This was at a
time when the Continental Blockade was unravelling; the Russian Tsar had broken
with it on New Year’s Eve 1810, and 1812 was the year that saw Napoleon’s ill-fated
invasion of Russia, which marked the beginning of the end of his control over the
European Continent. The new war between Britain and her former colonies low-
ered trade between the two Anglo-Saxon powers, but matters would come to a head
in 1814, following Napoleon’s defeat and banishment to Elba. Immediately, Britain
ordered that the entire US coastline be blockaded, and redeployed her navy to carry
this policy into effect.

The years between 1807 and 1814 thus represent the high water mark of trade
disruption during the ‘French Wars.” Anglo-Continental trade was disrupted by the
Continental Blockade, and the British blockade of Continental ports; while Euro-
American trade was disrupted first by the American Embargo Act, and later by the

! For a valuable overview of these and other blockades in history, see Davis and Engerman (2006). Ellis
(1981) provides a good account of the effects of the Continental Blockade in one region, Alsace.
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British blockade of the US, especially during 1814.> The question now arises as to
what were the effects of these various embargos and blockades. In what follows, I
will not attempt to disentangle their separate effects, but rather examine their joint
impact on trade and welfare. I will be particularly interested in measuring the
comparative impact of these policies across different countries, and will ask: did
the Anglo-French blockades have a bigger impact on British or on French welfare?
And did the Anglo-American blockades have a bigger impact on British or on
American welfare?’

Before doing so, I need to establish that these embargos and blockades had at
least some effect on trade and welfare. After all, there is a venerable tradition which
holds that such economic warfare was relatively ineffective, as a result of smuggling,
and corrupt officials turning a blind eye to enemy goods being imported into their
jurisdictions. Such is the position, for example, of Eli Heckscher (1964 [1922]), as
well as of some contemporary observers. On the other hand, Francois Crouzet
(1987) argues that the Continental Blockade did cause hardship within British
manufacturing during those periods when it was effectively applied, which accord-
ing to Crouzet consisted of the periods between the middle of 1807 and the middle
of 1808, and again between the spring of 1810 and the disastrous winter of 1812. In
a separate, widely cited article, Crouzet (1964) has argued strongly that the British
and French blockades had important effects on the structure of Continental indus-
try; while as previously mentioned both Frankel (1982) and Irwin (2005) have
demonstrated that Jefferson’s Embargo Act was effective in restricting American
trade during 1808.

Frankel’s paper was an important step forward in the debate, since it made
extensive use of price evidence to demonstrate his point. Since Heckscher’s argu-
ment is that smuggling and corruption undermined the Continental Blockade, one
can hardly point to official trade statistics, showing a collapse in trade volumes, and
argue that this demonstrates the weakness of his position. On the other hand, price
data do not lie: they faithfully reflect conditions of relative abundance or scarcity
within an economy. If the blockades were effective, then one should observe the
prices of imported goods rising, relative to the prices of exported goods; and
Frankel found that this was indeed the case. Furthermore, Frankel went one step
further, comparing the extent of these terms of trade shocks in Britain and the
United States. He found that, for the commodities he was interested in, relative
import prices rose by more in Britain than in the United States during 1808. Since
standard trade theory tells us that the welfare costs of trade disruption will be

% A further important development, which mattered especially for France, was the slave revolt in France’s
most important sugar colony, Saint-Domingue, in 1791. Despite being invaded by both Britain and
France, Haiti succeeded in gaining its independence in 1804. As will be noted later, this led to an
immediate and sharp decline in France’s overseas trade.

*It would of course be of considerable interest to distinguish between those costs due to blockades
inflicted by enemies on each other, and the costs due to self-imposed blockades, which might be
regarded as ‘self-inflicted’. Unfortunately, as will be seen, the aggregate price data used here cannot
provide such a disaggregation.
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related, ceteris paribus, to the size of the terms of trade shock, Frankel’s conclusion
was that the United States had in some sense the better of the British during the
Embargo episode.

In this paper, I concentrate on the impact of these blockades and embargos,
between the years 1807 and 1814, on three of the major protagonists: Britain,
France, and the United States. I follow Frankel in using prices as my measure of
trade disruption, and I also follow his lead in trying to assess the relative impact of
these trade disputes on the different protagonists involved. I go one step further,
however, by following Irwin’s (2005) attempt to quantify the welfare cost of
trade disruption during the period. In particular, I want to take seriously the
notion that the welfare costs of a terms of trade deterioration will depend not
just on the size of the terms of trade shock, but on the extent to which the country
concerned is exposed to international trade. I also want to show how estimates of
welfare loss depend critically on the assumptions made about elasticities of sub-
stitution in both consumption and production: obviously, the greater the substitu-
tion possibilities in an economy, the more the economy will be able to adjust to
an adverse terms of trade shock, and the lower will be the ultimate welfare costs of
the shock.

In its emphasis on trade disruption and welfare costs, this paper is closely related
to a more technical literature on the impact of war on trade. This literature, of
which Glick and Taylor (2006) is the most recent example, typically uses the
volume of trade as the dependent variable, and employs gravity models to see
how wars have affected it. Glick and Taylor go further, by using separately gener-
ated (by Frankel and Romer, 1999) estimates of the relationship between trade and
welfare to calculate the welfare effects of war within the context of a panel of
countries between 1870 and 1997. Their results suggest that the welfare effects of
war-related trade disruption have been large: during World War I, for example,
they were equivalent to a permanent flow loss of 3.37% of GDP for belligerents, and
6.79% of GDP for neutrals. This paper also stresses the impact of war on neutrals,
but differs from Glick and Taylor’s work in that relative prices are the basis for my
welfare calculations, rather than trade volumes.* It also differs from theirs in that it
generates welfare estimates country by country, rather than using coefficients which
are common across a group of countries. As will be seen, this is an important
difference, since not all countries were the same, and war affected their trade,
and welfare, in very different ways.’

*This stress on relative prices is largely dictated by considerations of data quality, and mirrors the
strategy adopted by O’Rourke and Williamson (2002).

> The paper is also somewhat related to the literature on sanctions, epitomized by Hufbauer et al. (1990),
who find that roughly a third of all sanctions episodes in the 20th century have been successful. Not
surprisingly, success is related to the relative costs imposed upon the sender and the target of
the sanctions (Eaton and Engers, 1999), and these relative costs are one of the principal foci of the
present paper.
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The plan of the paper is as follows. I first review some of the price evidence which
indicates clearly that embargos and blockades had an important trade-disrupting
impact between 1807 and 1814, contrary to Heckscher’s assertions. I then outline
a simple economic model which can be used to calculate welfare losses for Britain,
France, and the United States, and show how these losses depend on the assump-
tions made about substitution elasticities. While the estimates of absolute losses will
turn out to depend heavily on these elasticities, it turns out that it is possible to
reach some reasonably unambiguous conclusions regarding the relative welfare
losses of the three countries concerned.

2. Relative price evidence

Although this paper will, as stated, rely on price evidence rather than quantity
evidence, it is useful to begin with an overview of what the available quantity
indices have to say about trade in Britain, France, and the United States during
the dispute. These are brought together in Fig. 1, which plots exports and imports
for each of the three countries between 1780 and 1830, indexed to 1820 equals 100.
The first and last years of the Franco-British wars (1793 and 1815) are marked on
the figure, and the shaded area in each graph represents the crucial years 1807 to
1814, which are the focus of this paper. The vertical scales are identical in each
figure, so that movements in trade volumes can be more easily compared across
countries.

As can be seen, Britain seems to have been relatively unaffected by these embar-
gos and blockades, although imports did dip somewhat in 1808, 1811 and 1812
which is consistent with Crouzet’s (1987) argument, as is the sharp decline in
British exports in 1811.° On the other hand, there was a very pronounced decline
in French imports between 1807 and 1814, of the order of 50% or more. French
exports were less severely affected: they were low between 1808 and 1811, but
recovered sharply after 1812. What is particularly noticeable in the French case is
the enormous decline in trade between the eve of the Revolution, 1787-9, and the
first post-Revolutionary year for which we have data, 1797. Export volumes in the
latter year were a mere 36% of their pre-Revolution level; import volumes
had declined by 55%. This decline was largely due to the collapse in trade with
France’s overseas colonies, particularly Saint-Domingue: France’s American
colonies had accounted for 15% of French exports in 1787-9, and 40% of
her imports, but this trade all but vanished with the slave revolution and the
beginning of war.”

Most noticeable in Fig. 1, perhaps, is the very large decline in both American
exports and imports following 1807, after a number of years of strong trade growth.
There was a very sharp dip in trade during the Embargo year of 1808, but according
to these figures the blockade year of 1814 had an even more damaging effect on

°The spike in imports in 1810, on the other hand, is not.
’Based on data underlying Cuenca Esteban (2004); data graciously provided by the author.



K. H. O'ROURKE il3

British imports British exports
240 240
200 A 200 A
160 160 A
120 -\ 120 -
80 J/ 80
40 40+ M
0 T T T T 0 T T T T
1780 1790 1800 1810 1820 1830 1780 1790 1800 1810 1820 1830
—— Actual — Quadratic trend | —— Actual — Quadratic trend
French imports French exports
240 240
200 A 200 A
160 A </ 160 A
A
120 120 \
80 - 80
40 40
0 T T T T 0 T T T T
1780 1790 1800 1810 1820 1830 1780 1790 1800 1810 1820 1830
—— Actual — Quadratic trend —— Actual — Quadratic trend
US imports US exports
240 240
200 A 200 A
160 160
120 A 120 4
80 - 80 -
I—
40 % 40 A
0 T T T T 0 T T T T
1780 1790 1800 1810 1820 1830 1780 1790 1800 1810 1820 1830
| —— Actual — Quadratic trend | | —— Actual — Quadratic trend

Fig. 1. Volume of trade, 1780-1830 (1820 =100)
Source: Appendix (data sources).

American trade. Relative to their (quadratic) trends, French and American imports
were down by slightly more than 50% during 1807-14, US exports were down by
slightly more than a third, and British trade volumes were affected only marginally,
and in a statistically insignificant way (O’Rourke 2006, Table 1, p.129).
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What about the price evidence? The clearest evidence that international
markets were being disrupted during the war would of course be information
on international price gaps for particular commodities. There does exist some
scattered evidence of this kind, and all of it suggests that the blockades
and embargoes of the period were indeed effective. For example, Frankel
(1982, pp.307-8) finds that while Liverpool cotton prices were just 27.5%
higher than Charleston prices during 1807, the price gap was no less than
293% during the final two months of Jefferson’s Embargo. Similarly, it cost
between 30 and 50 shillings to ship a quarter of wheat from the Baltic to
Britain during 1810, as compared with 4s/6d during 1837 (Hueckel, 1973,
p-369). However, such evidence remains fairly scarce: it is easier to get
systematic evidence on the behaviour of relative import prices within individ-
ual countries. Moreover, showing that an international price gap opened up
during the conflict says nothing about which country bore the associated cost:
in general, this will depend on elasticities of supply and demand. Country-
specific relative price evidence, on the other hand, can allow us to see where
the embargos bit the most.

A companion piece to this paper, O’'Rourke (2006), explores the behaviour of
a wide range of relative commodity prices during the blockades in several
countries. Table 1 reproduces some of the main results for the countries of
concern in this paper: Britain; countries which were part of the Continental
Blockade; and the United States. The table confines itself to data on relative
prices for comparable commodities across countries; in each case, it gives the
percentage amount by which relative import prices exceeded their long run
(quadratic) trend level during the years 1807-14 inclusive. Of course, if relative
import prices increased during these blockade years, that might not be solely as
a result of international commodity market disintegration; in particular cases it
might simply reflect the vagaries of supply and demand. However, if the relative
price of a particular commodity were to rise in countries which imported it,
and to fall in countries exporting it, then it would be much more difficult to
argue that rising barriers to trade had nothing to do with these price
developments.

Figure 2 shows that precisely this occurred in the case of the relative wheat/
textile price in Britain and France. In Britain, which was a food-importer, the
relative price of wheat rose, by an average of 41% over the period 1807-14
(Table 1, Panel A), while in France the relative price of textiles rose, by an
average of 20% over the period as a whole. Similarly, while the price of raw
cotton relative to textiles rose in Europe, which imported raw cotton (by 79%
in France, 31% in Holland, and 59% in Germany: Table 1, Panel C), the same
relative price fell in the United States, which imported textiles (where the rela-
tive price of textiles rose by almost 200%). Figure 3 plots the two relative raw
cotton/textiles price series side by side for the British and US cases. During 1808
and 1809, relative cotton prices rose in Britain and fell in the United States
(i.e. the relative price of textiles rose in the latter case); and relative textile prices
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Table 1 Price impact of Napoleonic Wars (percentage increase in relative price
relative to peace-time counterfactual)

Relative price Country Blockade effect

Panel A. Intra-European

Wheat/textiles Britain 41.35
Textiles/wheat France 19.84
Textiles/wheat Germany 5.71
Panel B. Europe-Asia
Pepper/wheat France 216.36
Britain —8.21
Holland 119.46
Pepper/textiles France 109.82
Britain 29.74
Holland 167.37
Panel C. Europe-Americas
Sugar/wheat France 195.03
Britain —-2.9
Holland 165.1
Germany 143.09
Raw cotton/wheat France 114.28
Britain —26.17
Holland 11.45
Germany 67.89
Sugar/textiles France 125.59
Britain 37.25
Holland 214.64
Germany 129.95
Raw cotton/textiles France 78.81
Britain 4.93
Holland 31.23
Germany 58.82
Textiles/raw cotton USA 182.51
Wine/raw cotton USA 137.05

Source: O’Rourke (2006), Table 3, p. 144.

rose sharply in the US during 1812-13, while relative raw cotton prices rose
sharply in Britain during 1814.%

Figure 2 appears to show that the Continental Blockade and British counter-
blockade increased relative import prices in Britain and France by roughly the same
order of magnitude. It seems that Crouzet was right in his insistence that the
blockade did affect the British economy. Indeed, the figures in Panel A of
Table 1 suggest that the intra-European terms of trade turned against Britain by

8 The figure helps explain why the average increase in relative raw cotton prices between 1807 and 1814
was small in Britain: there, the relative raw cotton price seems to have trended continuously downwards,
and the spikes during the Embargo and war of 1812 were small when set against this overall trend. In the
US case, by contrast, 1807-14 stands out far more sharply as a period of increased relative textile prices.
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Fig. 2. Relative wheat/textile prices in Britain and France, 1780-1830 (1820 =100)
Source: O’Rourke (2006, Fig. 10, p.145).
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Fig. 3. Relative raw cotton/textile prices in Britain and United States, 1780-1830
(1820=100)
Source: data underlying O’Rourke (2006).

more than they did against France. However, when it came to the relative prices of
goods produced outside Europe—not just spices such as pepper, but essential
inputs into manufacturing such as raw cotton, or sugar—then the picture is
very different. Relative to the price of wheat (which as we have seen was



K. H. O'ROURKE  il7

increasing in Britain), pepper, raw cotton and sugar became cheaper in Britain, but
significantly more expensive in France, Holland, and Germany. Relative to the price
of textiles (which was falling in relative terms in Britain), the price of such overseas
imports rose by between 5% and 37% in Britain, but by between 79% and 126% in
France, by between 31% and 215% in Holland, and between 59% and 130% in
Germany. The European Continent was able to produce more textiles via import
substitution when British supplies were cut off; it was not able to produce more
pepper or raw cotton. Famously, the blockades did give a boost to Continental
sugar beet production, especially after Napoleon’s measures to promote the indus-
try in 1811. Nonetheless, the price evidence clearly shows that sugar became scarcer
on the Continent during this period—and it was of course this scarcity that
prompted the development of sugar beet production in the first place.

None of this is particularly surprising. Given the Royal Navy’s dominance of the
oceans, especially after Trafalgar, it makes sense that non-European goods should
have become dramatically scarcer on the European Continent as a result of the
Anglo-French blockades. Furthermore, it turns out that this effect was so large,
quantitatively, as to dominate movements in the average terms of trade during the
period. Figure 4 graphs the price of imports, relative to the price of exports, for the
two main belligerents, Britain and France, as well as for the United States. Once
again, the shaded area in the figures refers to the high-water mark of war-time trade
restrictions, 1807—14. The figure indicates substantial increases in relative import
prices during the conflict, consistent with the diplomatic and naval histories of the
period. For example, in France the terms of trade improved during the Peace of
Amiens, before deteriorating dramatically during the period of the blockade.
The figure also bears out the impression given by the data on individual commod-
ity prices, namely that Britain was less severely affected by these trade disputes than
France, presumably as a result of the Royal Navy’s supremacy at sea.” Intra-
European trade disruption might have affected both of the main belligerents in a
similar manner, and even raised import prices to a greater extent in Britain than in
France (as Panel A of Table 1 suggested); but the impact of the wars on the price of
non-European imports was so much greater on the Continent than in the British
Isles that this swamped any other effects. Indeed, the effect of war on aggregate
British relative import prices seems to be smaller than that in America as well.
There were spikes in the relative price of imports in Britain in 1809 and 1814, but
these were dwarfed by the enormous increase in the United States in 1814, when the
Royal Navy successfully blockaded much of the US coastline. It looks therefore, as if
Britain was the economic ‘victor’ in these trade disputes, emerging relatively
unscathed while her rivals did not. On average, during the years 1807-1814,
Britain suffered a terms of trade loss (i.e. higher relative import prices) of 11.9%

°In this case, the data do not mesh particularly well with Crouzet’s (1987) argument, since relative
import prices in Britain spike in 1809, and drop in 1811. But these are aggregate price movements, and
reflect more than Franco-British trade alone, and they are in any case relatively minor, which is the main
point to be taken from this figure.
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Source: see Appendix 1.

during 1807-14: that is, her relative import prices were 11.9% above their (quadrat-
ic) trend level during this period. This compares with terms of trade losses of 49.4%
in the United States, and an impressive 61.2% in France. It now remains to be seen
what were the relative welfare costs of these adverse terms of trade shocks.

3. Welfare costs: comparing losses in Britain, France,
and the United States

In order to estimate the welfare losses associated with these terms of trade shocks, it
is of course necessary to commit oneself to some sort of economic model, even if
only as basic a one as a partial equilibrium model of import demand. It makes sense
to use a general equilibrium framework, however, since the key issue in estimating
the size of the welfare costs associated with an adverse terms of trade shock will be
the extent to which consumers are able to substitute away from expensive imports
towards relatively cheaper domestic substitutes; and the extent to which domestic
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producers can shift their production away from export activities towards goods
which will be consumed domestically.

As mentioned previously, Irwin (2005) estimates the welfare costs of Jefferson’s
blockade. To this end, he uses a very simple general equilibrium model, and
calculates the compensating variation change in welfare which arises when
moving from free trade to an embargo situation (that is, the difference, measured
at embargo prices, between the expenditure necessary to provide the embargo level
of utility, and that necessary to provide the pre-embargo level of utility). As the
discussion above points out, this welfare cost will depend critically on the elastici-
ties of substitution in both consumption and production. Irwin provides an
extensive discussion of the likely magnitude of each of these, and concludes that
the scope for substitution was probably quite limited, especially in consumption.

In this paper I use an equally simple model, but solve it numerically, using
MPSGE, a readily available package which has been frequently used in the past
by economic historians to solve a wide variety of computable general equilibrium
(CGE) models (see for example O’Rourke, 1991, 1994; Harley 1993; O’Rourke and
Williamson, 1994; Harley and Crafts, 2000).'° An on-line appendix presents a
heavily annotated MPSGE input file which can be used to replicate the results of
this paper, using the freely available ‘demo’ version of GAMS.'" T use the simplest
possible general equilibrium model that can generate estimates of the welfare effects
of adverse terms of trade shocks, while also taking into account the fact that all
these economies had substantial non-traded goods sectors, and varied in terms of
their openness to trade. In order to be able to impose terms of trade shocks, I of
course require that the model incorporate both an export good and an import
good. Introducing a third, non-traded good allows me to account for the fact that
some countries were less exposed to trade than were others. The model is a sim-
plified version of the well-known model used by Anderson and Neary (1996) to
estimate their trade restrictiveness index, and its appeal lies in the fact that the only
information needed to calibrate the model is the trade share. (It is thus much
simpler in its structure than the models used in the papers cited above.)

All production takes place in one sector, which uses a single factor of production
(call it ‘value added’ or VA) to produce two composite outputs, a non-traded good
(NT) which is entirely consumed domestically, and an export good (X) which is
entirely exported. We thus have

(X, NT) = f(VA) (1)

The production function f{ ) in eq. (1) is assumed to take on a constant elasticity
of transformation form, with the elasticity of transformation denoted by .
Conceptually, eq. (1) can be thought of as defining the equivalent of a standard
production possibility frontier, giving the maximum outputs of the two goods

1% For a recent survey of CGE techniques in economic history, see Harley (2002).
! The GAMS software is available at www.gams.com, while the appendix is vailable at http://www.tcd.ie/
Economics/staff/orourkek/onlineapp.txt. See also Rutherford (1998, 1999).
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consistent with the available technology and resources. Producers choose which
combination of NT and X to produce based on the two goods’ relative prices.
When the relative price of X increases, producers switch production away
from non-tradeables towards exports. The extent of this switch depends on T;
as T increases, the production possibility frontier becomes less ‘bowed out’,
and relative outputs adjust by more. The export good is exchanged on international
markets for a composite import good, M, which is entirely consumed. The
exportable is taken to be the numeraire good, and trade is assumed to be
balanced; thus

puM =X ()

The key relative price in the model is the exogenous relative price of the import
good, pap which is set equal to one in the benchmark equilibrium, but can be
changed in order to simulate the effects of terms of trade shocks. There is one
representative consumer in the model, who is endowed with all the value added in
the economy. The consumer derives utility from consuming two goods, the non-
traded good and the import good, and maximizes utility subject to the normal
budget constraint. The problem facing the consumer is:

max U(NT, M) S.t. pva VA = pNTNT + pMM (3)

where py4 and pyr are the (endogenous) prices of ‘value added’ and the non-traded
good. The utility function U( ) in eq. (3) is assumed to be constant elasticity of
substitution (CES) in form, with the elasticity of substitution denoted by o. As
o increases, the responsiveness of consumers to relative price changes increases,
which can again be represented graphically by a declining curvature of their indif-
ference curves. Intuition into the workings of the model can be had by considering
the impact of an exogenous rise in py,. Table 2 shows the effect that this has on
three key endogenous variables in the model, the price of non-tradeables (relative
to the export good, which as previously stated is the numeraire), the volume of
imports, and the volume of exports. (It does so assuming French levels of openness,
and imposing the French terms of trade shock experienced during 1807-14, i.e. a
61.2% increase in the relative price of imports.) This price shock will in the first
instance be felt by consumers, who will substitute away from import goods and
towards non-traded goods. Imports thus fall unambiguously. Whether the volume
of exports also falls depends on the extent of the decline in imports, however, since
it now takes a greater volume of exports to pay for a given quantity of imports. The
extent of the decline in imports depends on how substitutable non-traded goods
and imports are in consumption: the higher is o, the greater is the import decline,
other things being equal. If o is greater than one, consumers switch sufficiently
away from imports that the quantity of exports will decline (that is, consumers’
expenditure on imports, pyM, will fall, and by eq. (2) this is equal to the quantity
of exports). In addition, their expenditure on non-traded goods will rise sufficiently
that non-traded goods prices rise, relative to the numeraire good (exports). This of
course induces a switch by producers away from exports and towards non-traded
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Table 2 Impact of rising import prices on non-traded goods price and trade
volumes (benchmark equilibrium = 100)

0.25 0.5 1 2 5
Panel A. Non-traded goods prices
0=0.25 48.9 62 75.1 85.3 93.4
0=0.5 72.7 78.8 85.3 90.9 95.8
o=1 100 100 100 100 100
o=2 123.6 121 117.3 112.7 107.1
o=5 143.9 141.5 137.5 131.4 121
Panel B. Import volumes
0=0.25 72.9 77.0 80.6 83.1 84.9
0=0.5 66.7 69.2 71.8 74 75.8
o=1 62.0 62.0 62.0 62 62
o=2 59.0 56.7 53.4 49.5 44.9
o=5 56.9 52.6 45.8 36.9 24.8
Panel C. Export volumes
0=0.25 117.5 124.2 129.9 133.9 136.8
0=0.5 107.6 111.6 115.8 119.3 122.2
o=1 100.0 100.0 100.0 100.0 100
o=2 95.1 91.4 86.1 79.8 72.4
o=5 91.8 84.8 73.9 59.4 40

Source: see text.
Note: results assume a trade share of 6.6% and a rise in import prices of 61.2%. Import and non-traded
goods prices are expressed relative to export good prices.

goods production. The higher is 1, the greater is this switch, and the lower is the
eventual equilibrium increase in non-traded goods prices. Moreover, as T increases,
and non-traded goods production expands, the production of exports, and hence
import volumes, falls by more.

On the other hand, if o is less than one, the share of income being spent on the
now more expensive imported good rises, meaning that the quantity of exports will
actually rise. Expenditure on non-tradeables falls, so the relative price of non-
tradeables falls as well. In this case, increasing T makes it easier for producers to
switch production away from non-tradeables and towards exports, and so non-
traded goods supply contracts by more, implying a smaller equilibrium decline in
non-traded goods prices (and, obviously, an increase in export production and
trade volumes).

Figure 5 indicates how the model is calibrated. In order to do so, let the export
share of GDP (equal to the import share by assumption) equal t, and assume that
the country’s endowment of value added equals 100 (the number chosen here is of
course irrelevant to the results). Then the production of the non-traded good will
equal (1 —7)*100; the production of the exportable will equal *100; and imports
will equal #100. Consumption of the non-traded and imported goods will take
place in the proportions (1 —t) to t respectively.
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NT = (1-t)*100

VA =100 =1 Production

Trade
«— e
X = %100 M = t*100

NT = (1-)¥100

Income = 100 =0 Consumption

M =t*100

Fig. 5. Calibrating the CGE model.

The trade share is thus a key parameter in the model, and is based on historical
data. In addition, there are two elasticities in the model whose values have to be
specified, and which as we have seen are crucial for the results: the elasticity of
transformation T between the non-traded good and the exportable in production,
and the elasticity of substitution ¢ in consumption between the non-traded good
and the importable. The welfare results depend in particular on the latter elasticity:
the higher is the elasticity of substitution in consumption, the easier it is for
consumers to switch away from imports when wartime blockades raise their
price, and the lower the resultant welfare loss. Welfare losses should also depend
on the value of 1, with higher values again leading to lower welfare losses. In what
follows I start by presenting results which assume the same transformation elasticity
as do Anderson and Neary (that is, T=5), while allowing o to vary. A rationale for
proceeding in this fashion is that Anderson and Neary find that their results are
typically very insensitive to the value used for 7. I then perform a wider sensitivity
analysis, by allowing T to vary over a wide range, and seeing how my results change.
The on-line appendix provides the MPSGE code required to solve the model for
France, using Anderson-Neary base-case elasticity assumptions (o =0.7, t1=5); all
other results quoted in the paper can be generated by changing just four numbers in
this input file (the terms of trade shock itself, the trade share, and the elasticities of
substitution and transformation in production).

Table 3 presents a range of welfare estimates for each country, for values of o
ranging from 0.25 to 10 (the latter surely representing an absolute upper bound).
The results suggest that French welfare losses were higher than British losses, lying
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Table 3 Estimates of welfare loss (%)

Country Britain France USA
Terms of trade shock (% increase in relative import price) 11.9 61.2 49.4
Trade share (%) 15.7 6.6 13.0
Welfare effects (% decline)

0=0.25 1.82 3.76 5.89
0=0.5 1.8 3.5 5.58
0=0.7 1.78 3.33 5.37
o=1.0 1.75 3.1 5.09
0=2.0 1.68 2.58 4.4
0=5.0 1.56 1.9 3.43
o=10.0 1.48 1.54 2.87
Cumulative loss (o=0.7, 5% discount rate) 12.0 22.4 36.1
Permanent flow loss (o=0.7, 5% discount rate) 0.57 1.07 1.72

Source: see text.

in the 2-4% range for consumption elasticities of five and under, as opposed to
British losses of 1.6-1.8% per annum. The table thus confirms the earlier impres-
sion that the blockades hit Britain much less severely than they did her main
Continental rival.

The most striking result of Table 3, however, concerns a country which had
initially been neutral, namely the United States. The results suggests that per
annum American welfare losses were much higher than those incurred in either
France or Britain, lying in the 3—6% range for consumption elasticities of five and
under. (Even in the unlikely case that these elasticities were as high as 10, the US
welfare loss would still have amounted to almost 3% per annum.) These estimates
are remarkably close to Irwin’s estimate of a 5% welfare loss for the United States
during the period of Jefferson’s embargo; the difference is that these are average
estimates calculated for the period 1807-14 as a whole, since, as the terms of
trade figures suggest, wartime curtailment of trade continued to impose a cost
on the American economy well after the repeal of the Embargo Act. Indeed, the
terms of trade data suggest that the American welfare losses actually reached a peak
in 1814, not 1808. Welfare losses of 3—6% per annum over an eight-year period were
a substantial burden.

In order to make my results comparable with those of Glick and Taylor (2006),
the penultimate row of Table 3 converts these per annum welfare losses into
cumulative welfare losses, where these are simply the net present value, in 1807,
of the annual welfare losses (given in the row headed ‘o =0.7") for each of the years
1807—14."% The calculation assumes a discount rate of 5%, as do Glick and Taylor.
Finally, the last row of Table 3 converts these cumulative welfare losses into

> These cumulative welfare loss estimates thus assume the Anderson-Neary benchmark value for
o of 0.7.
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permanent flow losses. As in the case of Glick and Taylor (2005), the permanent
flow loss (PFL) is defined as the permanent per annum loss, beginning in 1807,
which would produce the same cumulative welfare loss (in 1807) as the cumulative
welfare loss calculated earlier (CWL):

00 1
. PFL x <—) =CWL (4)
=0 1+r
which implies that:
r
PFL = (_> x CWL (5)
1+r

where r is the discount rate (here 0.05).As can be seen from Table 3, the cumulative
welfare loss thus defined amounted to 36% in the United States. This was equiva-
lent to a permanent flow loss of 1.72%. To put these losses in perspective, as already
mentioned Glick and Taylor estimate that the permanent flow losses associated
with the trade disruption of World War I amounted to 3.37% for belligerents, and
6.79% for neutrals. Strikingly, American losses associated with the trade disruption
of the Napoleonic Wars were more than half the former figure. Permanent flow
losses were lower for the other countries considered here, a notable fact given that
France and Britain were the two main belligerents during the conflict (they
amounted to 1.07% p.a. in France and 0.57% in Britain), but they were still very
substantial. Furthermore, Table 1 suggests that welfare losses are also likely to have
been high in areas under French control during the period, such as the Netherlands
and Germany.'”> Moreover, it could be argued that this model will understate the
welfare effects of war and blockades, since it assumes full employment, and thus
excludes by assumption the possibility that the blockades caused unemployment,
which as Crouzet (1987) emphasizes became a problem in Britain during 1808 and
1811-12 as a result of British manufacturers losing markets overseas.

Finally, Table 4 explores how changing the elasticity of transformation in
production matters for welfare. As mentioned, the ‘folk wisdom’ emerging from
the Anderson-Neary trade restrictiveness literature is that T is empirically not very
important in determining the welfare costs of protection (or, in this case, of terms
of trade shocks). Table 4 shows, however, that this conclusion depends to a rather
large extent on the value assumed for o. As can be seen, in the case of Cobb-
Douglas utility (o = 1), the welfare cost of a given terms of trade shock is completely
insensitive to the value of 1. The reason for this is that, in the case of Cobb-Douglas
utility, a constant share of income is spent on the import good. Given income,
expenditure on imports is tied down, and the production of the export good has to
equal this amount (from (2)) no matter what the elasticity of transformation in
production is.

" Indeed, the impact of the Revolutionary and Napoleonic Wars on the highly open Dutch economy
was catastrophic: see de Vries and van der Woude (1997).
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Table 4 Welfare results: further sensitivity analysis

T =

0.25 0.5 1.0 2.0 5.0 10.0
Britain
0=0.25 1.91 1.88 1.85 1.83 1.82 1.82
0=0.5 1.82 1.81 1.81 1.80 1.80 1.79
0=0.7 1.78 1.78 1.78 1.78 1.78 1.78
o=1.0 1.75 1.75 1.75 1.75 1.75 1.75
0=2.0 1.70 1.70 1.70 1.69 1.68 1.68
0=5.0 1.67 1.66 1.64 1.61 1.56 1.53
0=10.0 1.66 1.65 1.62 1.58 1.48 1.39
France T=

0.25 0.50 1.00 2.00 5 10.00
0=0.25 4.75 4.36 4.06 3.88 3.76 3.71
0=0.5 3.74 3.67 3.60 3.55 3.50 3.49
0=0.7 3.39 3.37 3.35 3.34 3.33 3.32
o=1.0 3.10 3.10 3.10 3.10 3.10 3.10
0=2.0 2.75 2.73 2.69 2.64 2.58 2.55
0=5.0 2.53 2.46 2.34 2.17 1.90 1.72
0=10.0 2.46 2.36 2.20 1.96 1.54 1.24
United States T=

0.25 0.50 1.00 2 5 10.00

0=0.25 7.01 6.57 6.25 6.03 5.89 5.84
0=0.5 5.86 5.78 5.70 5.63 5.58 5.56
o=0.7 5.44 5.42 5.40 5.38 5.37 5.36
o=1.0 5.09 5.09 5.09 5.09 5.09 5.09
0=2.0 4.63 4.59 4.54 4.48 4.40 4.36
0=5.0 4.33 4.23 4.07 3.83 3.43 3.16
0=10.0 4.23 4.10 3.87 3.51 2.87 2.38

Source: see text. Results incorporating Anderson-Neary baseline elasticity assumptions are highlighted
in bold.

On the other hand, the further away from Cobb-Douglas is the utility function,
the more the elasticity of transformation matters. For example, in the case of the
United States, the welfare cost of the terms of trade shock is 5.1% per annum
when utility is Cobb-Douglas. For very low substitution elasticities (o =0.25),
welfare costs are higher, but now they also depend on the elasticity of transform-
ation, ranging from 7% for low values of the elasticity (1=0.25) to 5.8% in the
case of high elasticities (t=10). For very high substitution elasticities (o =10),
welfare costs are lower than in the Cobb-Douglas case, and range from 4.2% for
low values of the elasticity (t=0.25) to 2.4% in the case of high elasticities
(t=10). Elasticities of transformation in production therefore matter for the
results; nonetheless, it remains true that they matter less for the results than
does the elasticity of substitution in consumption, as can be seen by comparing
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the change in welfare estimates as one moves across rows as against columns
in Table 4.

Thus far, the discussion has implicitly assumed that elasticities in the three
countries were the same, and that therefore the only factors that mattered for
welfare costs in each nation were the size of the terms of trade shock
suffered and the trade share. However, it seems plausible that the economies’
structures may have differed from each other in such a way that the elasticities
were different in each.'"* In particular, Britain’s economy was already highly
specialized, with its exports largely concentrated in cotton textiles, and with a
heavy reliance on imported food and raw materials. Some of these, notably raw
cotton, could not be grown in Britain at all; more generally, Britain’s limited land
endowment and high population meant that the extent to which it could substitute
domestically produced output for imports must have been limited. By contrast,
France and the United States both had diversified economies, with large agricul-
tural sectors, and (in particular) both showed during this period that they were
capable of producing import-substituting industries when British manufactured
exports were cut off. It might make sense, therefore, to assume that both o and
T were lower in Britain than in either France or the United States, which would raise
relative British welfare costs, other things being equal.

One approach to choosing country-specific values for o and t is to exploit the
fact that, as emphasized above, the value of o is crucial for the size of the contrac-
tion in imports. As already mentioned, according to O’Rourke (2006, Table 1,
p-129) US imports were 52.8% below trend during 1807-14, and US exports
were 36.3% below trend. French imports were 51.6% below trend, but exports
were unaffected; while neither exports nor imports in Britain were particularly
affected. I tried varying the values of o and T so as to come as close as possible
to duplicating these observed movements in trade volumes in France and the
United States; to make the procedure manageable I let the two elasticities take
on equal values throughout. The exercise is of course highly approximative,
given the major potential problems with the trade data, but it may nonetheless
be informative. In the US case, imposing the observed terms of trade shock on the
model, and assuming a value of 2.94 for both o and 7, produced a decline in US
imports of 52.8%, and a decline in US exports of 29.5%. In this case, US utility fell
by 4.09% per annum, a substantial loss. In the French case, values for o and t of 2.1
can replicate the 51.6% decline in French imports (although they also imply a
decline in French export volumes), and these parameters imply a 2.61% annual
French welfare loss. Both of these estimated welfare losses remain higher than the
largest British welfare loss in Table 4 (1.91% per annum), and imply cumulative
welfare losses of 17.5% and 27.5% in France and the US, equivalent to permanent
flow losses (beginning in 1807) of 0.84% and 1.31% respectively. Clearly, the size of
these welfare losses is sensitive to assumptions about elasticities, but the general

"1 am grateful to an anonymous referee for insisting on this point.
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conclusion that Britain fared better than either France or the United States during
this period seems fairly robust."

4. Conclusions

The trade disruption associated with the Napoleonic Wars—the Continental
Blockade, the British counter-blockade of the Continent, Jefferson’s Embargo,
and the British blockade of the United States—had a major impact on trade
flows and economic welfare. In many ways, the most striking aspect of the results
presented above is that the greatest losses were suffered by a country which had
initially been neutral, namely the United States. Also notable, in the context of the
cliometric literature on the subject, is that it seems highly likely that the greatest
losses suffered by the United States came in 1814, as a result of the Royal Navy’s
blockade of its coastline, rather than as a result of its self-imposed blockade which
has been the focus of much recent work. If the benchmark elasticity assumptions,
associated with Anderson and Neary’s TRI work, are accepted, then the United
States suffered a loss during 1807—14 equivalent to a permanent flow loss of 1.7%
per annum. The alternative ‘benchmark’ elasticity assumptions presented above
(both o and t=2.94) imply a permanent flow loss of 1.31% per annum. These
are sizeable losses.

However, this paper has also stressed that the absolute level of the welfare loss
depends on assumptions about elasticities in both consumption and production.
On the other hand, I am on far less ambiguous ground when it comes to conclu-
sions about relative welfare losses. Welfare losses seem to have been highest in the
United States, no matter what assumptions are made about elasticities.
Furthermore, French welfare losses were almost surely greater than British welfare
losses.

Clearly, it is not the case that wartime trade disruption imposed equal penalties
on all belligerents, or indeed on all neutrals; nor would one expect this to be the
case. The average correlations that would have been revealed in a cross-section
regression, had I had the data with which to perform it, would have masked
important variations across countries. First, countries suffered different terms of
trade shocks; and second, some were more open to trade, and thus more exposed to
trade shocks, than others. The terms of trade shocks were larger in France than in
any other country, but France was also much less open, implying that French
welfare losses, while very considerable, were lower than in the United States.

T also checked whether this finding could be overturned by including imported intermediate inputs in
the model, a particularly important feature of the British economy at this time. As already noted, in the
context of the simple model outlined above the maximum British welfare loss is equal to 1.91% per
annum, and occurs when both ¢ and t are set equal to 0.25 (Table 4). Keeping these same elasticity
values, but now assuming that half of all British imports are intermediate inputs into production (with
no substitution possibilities being allowed between these inputs and the primary factor of production, so
as to maximize welfare losses) implies an annual British welfare loss of 2.06%, which is higher than
1.91%, but still less than the 2.61% French loss estimated above.
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Crucially, terms of trade shocks were substantially lower in Britain, implying smal-
ler welfare losses there, in spite of the relatively open nature of the British economy.
Having control of the seas, as was the case for Britain in the early 19th century,
proved far more useful in terms of waging economic warfare than did the land-
based power of Napoleon (O’Brien, 2006). As for the United States, it was a rela-
tively open economy, and suffered a relatively high terms of trade shock; it thus
fared the worst of these three countries in terms of welfare losses.

Acknowledgements

Much of the work for this paper was done while the author was an IRCHSS Government of
Ireland Senior Fellow. I am grateful to the Irish Research Council for the Humanities and
Social Sciences for their generous research funding. I also gratefully acknowledge research
funding under the European Commission’s Sixth Framework Programme, Marie Curie
Research Training Network contract number MRTN-CT-2004-512439. William Hynes,
Patrick Leahy, and Hampus Willfors provided excellent research assistance. I also wish to
thank Liam Brunt, Francois Crouzet, Jean-Pierre Dormois, David Eltis, Stanley Engerman,
Javier Cuenca Esteban, Ronald Findlay, Dennis Flynn, Arturo Giraldez, Philip Hoffman,
Douglas Irwin, Jan Tore Klovland, Jim Livesey, Leandro Prados, David Richardson, Jean-
Laurent Rosenthal, Lennart Schon, Alan Taylor, and Jeffrey Williamson for generous help
with sources, making available unpublished material, encouragement and advice. Stanley
Engerman and Frangois Crouzet most generously provided extensive written comments on
earlier drafts. Participants at the OFCE economic history seminar and the NBER DAE 2005
Spring Program Meeting made a number of helpful comments for which I am grateful. I am
particularly grateful to two anonymous referees whose comments helped improve the paper
considerably. Needless to say, the usual disclaimer applies.

References

Anderson, J.E. and Neary, J.P. (1996) A new approach to evaluating trade policy, Review of
Economic Studies, 63, 107-25.

Crouzet, F. (1964) Wars, blockade, and economic change in Europe, 1792-1815, Journal of
Economic History, 24, 567-88.

Crouzet, F. (1987) L’Economie Brittanique et Le Blocus Continental, 2nd edn, Economica,
Paris.

Cuenca Esteban, J. (1997) The rising share of British industrial exports in industrial output,
1700-1851, Journal of Economic History, 57, 879-906.

Cuenca Esteban, J. (2004) Comparative patterns of colonial trade: Britain and its rivals,
in L. Prados de la Escosura (ed.) Exceptionalism and Industrialisation: Britain and its
European Rivals, 1688—1815, Cambridge University Press, Cambridge.

Davis, L.E. and Engerman, S.L. (2006) Naval Blockades in Peace and War: An Economic
History Since 1750, Cambridge University Press, Cambridge.

Eaton, J. and Engers, M. (1999) Sanctions: some simple analytics, American Economic
Review, Papers and Proceedings, 89, 409—14.

Ellis, G. (1981) Napoleon’s Continental Blockade: The Case of Alsace, Clarendon Press,
Oxford.



K. H. O'ROURKE  i29

Frankel, J.A. (1982) The 1808-1809 embargo against Great Britain, Journal of Economic
History, 42, 291-307.

Frankel, J.A. and Romer, D. (1999) Does trade cause growth? American Economic Review,
89, 379-99.

Glick, R. and Taylor, A.M. (2006), Collateral damage: trade disruption and the economic
impact of war, NBER Discussion Paper No. 11565, National Bureau of Economic Research,
Cambridge, MA (revised version).

Harley, C.K. (1993) Reassessing the Industrial Revolution: a macro view, in J. Mokyr (ed.)
The British Industrial Revolution: An Economic Perspective, Westview Press, Boulder, CO.
Harley, C.K. (2002) Computational general equilibrium models in economic history and an
analysis of British capitalist agriculture, European Review of Economic History, 6, 165-91.
Harley, C.K. and Crafts, N.F.R. (2000) Simulating the two views of the British Industrial
Revolution, Journal of Economic History, 60, 819—41.

Heaton, H. (1941) Non-importation, 1806-1812, Journal of Economic History, 1, 178-98.

Heckscher, E.F. (1964) The Continental System: An Economic Interpretation, Peter Smith,
Gloucester, MA; reprint of 1922 edition.

Hueckel, G. (1973) War and the British economy, 1793-1815: a general equilibrium analysis,
Explorations in Economic History, 10, 365-96.

Hufbauer, G.C., Schott, J.J., and Elliott, K.A. (1990) Economic Sanctions Reconsidered:
History and Current Policy, 2nd edn, Institute for International Economics, Washington, DC.
Imlah, A.H. (1958) Economic Elements in the Pax Britannica, Harvard University Press,
Cambridge, MA.

Irwin, D.A. (2005) The welfare cost of autarky: evidence from the Jeffersonian trade
embargo, 1807—-09, Review of International Economics, 13, 631-45.

Lévy-Leboyer, M. and Bourguignon, F. (1990) The French Economy in the

Nineteenth Century: An Essay in Econometric Analysis, Cambridge University Press,
Cambridge.

North, D.C. (1966) The Economic Growth of the United States 1790-1860, Norton, New York.

O’Brien, P.K. (2006). The Hanoverian state and the defeat of the Continental System:
a conversation with Eli Heckscher, in R. Findlay, R.G.H. Henriksson, H. Lindgren, and
M. Lundahl (eds), Eli Heckscher, International Trade, and Economic History, MIT Press,
Cambridge, MA.

O’Rourke, K.H. (1991) Did the great Irish famine matter? Journal of Economic History,
52, 1-22.

O’Rourke, K.H. (1994) The repeal of the Corn Laws and Irish emigration, Explorations in
Economic History, 31, 120-38.

O’Rourke, K.H. (2006) The worldwide economic impact of the French Revolutionary and
Napoleonic Wars, 1793-1815, Journal of Global History, 1, 123—49.

O’Rourke, K.H. and Williamson, J.G. (1994) Late 19th century Anglo-American factor
price convergence: were Heckscher and Ohlin right? Journal of Economic History,
54, 892-916.

O’Rourke, K.H. and Williamson, J.G. (2002) After Columbus: explaining the global trade
boom 15001800, Journal of Economic History, 62, 417-56.



i30 WAR AND WELFARE

Rutherford, T.F. (1998) Economic equilibrium modeling with GAMS: an introduction to
GAMS/MCP and GAMS/MPSGE, available at http://www.ualberta.ca/dept/chemeng/
software/gams-2.5.1/run/eche/aix4.3/gams/docs/solvers/mpsge.pdf

Rutherford, T.F. (1999) Applied general equilibrium modeling with MPSGE as a GAMS
subsystem: an overview of the modeling framework and syntax, Computational Economics,
14, 1-46.

de Vries, J. and van der Woude, A. (1997) The First Modern Economy: Success, Failure, and
Perseverance of the Dutch Economy, 15001815, Cambridge University Press, Cambridge.

Appendix Data sources
Trade volumes and terms of trade

Britain. Imports: Imlah (1958), Table 8, pp.94-8. Exports: 1780-1821, Cuenca
Esteban (1997), Appendix Table 1, p. 901, spliced with Imlah’s data for 1821-30.
France: 1780-1820: data underlying Cuenca Esteban (2004), graciously made avail-
able by the author. The price indices for 1716-86 rest on 11 price series with
constant weights (Cuenca Esteban 2004, p. 65). 1820-1830: Lévy-Leboyer and
Bourguignon (1990), Tables A-III, A-IV.

United States: North (1966), pp. 221, 228-9, 233—4, 240-3.



