CAMBRIDGE

UNIVERSITY PRESS

Economic History Association

Late Nineteenth-Century Anglo-American Factor-Price Convergence: Were Heckscher and
Ohlin Right?

Author(s): Kevin O'Rourke and Jeffrey G. Williamson

Source: The Journal of Economic History, Vol. 54, No. 4 (Dec., 1994), pp. 892-916
Published by: Cambridge University Press on behalf of the Economic History Association
Stable URL: http://www jstor.org/stable/2123615

Accessed: 12/01/2009 18:14

Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at

http://www jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless
you have obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you
may use content in the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www jstor.org/action/showPublisher?publisherCode=cup.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

JSTOR is a not-for-profit organization founded in 1995 to build trusted digital archives for scholarship. We work with the
scholarly community to preserve their work and the materials they rely upon, and to build a common research platform that
promotes the discovery and use of these resources. For more information about JSTOR, please contact support@jstor.org.

Cambridge University Press and Economic History Association are collaborating with JSTOR to digitize,
preserve and extend access to The Journal of Economic History.

http://www jstor.org


http://www.jstor.org/stable/2123615?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/action/showPublisher?publisherCode=cup

Late Nineteenth-Century Anglo-
American Factor-Price Convergence:
Were Heckscher and Ohlin Right?

KEVIN O’ROURKE AND JEFFREY G. WILLIAMSON

Due primarily to transport improvements, commodity prices in Britain and the
United States tended to converge between 1870 and 1913. Heckscher and Ohlin,
writing in 1919 and 1924, thought that these events should have contributed to
factor-price convergence. It turns out that Heckscher and Ohlin were right: a
significant share of the Anglo-American real-wage convergence was due to
commodity-price convergence. It appears that this late nineteenth-century epi-
sode was the dramatic start of world-commodity and factor-market integration
that continues today.

The immediate result of interregional trade is equaliza-
tion of commodity prices between the several regions.
But [the] equalization of the prices of factors of produc-
tion is also involved. An example of change of this type is
afforded by trade between Europe and America during
the last half of the nineteenth century.

—Bertil Ohlin’

THE FACTOR-PRICE-EQUALIZATION THEOREM AND HISTORY

he factor-price-equalization theorem has been a durable tool for

trade theorists ever since Eli Heckscher and Bertil Ohlin made their
seminal contributions shortly after World War I, although it must be
said that Heckscher and Ohlin talked about partial equalization and
convergence, whereas Paul Samuelson talked about equalization.?
According to the Heckscher-Ohlin paradigm, countries export commod-
ities that use intensively the factors in which they are well endowed and
import commodities that use intensively the factors in which they are
poorly endowed. Thus, commodity trade tends to equalize factor
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! Bertil Ohlin writing in 1924, in Flam and Flanders, eds., Heckscher-Ohlin Trade Theory, pp.

91, 181.

2 Samuelson, ‘‘International Trade.’’
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endowments among trading partners. Furthermore, under restrictive
assumptions, it can be shown that a move from no trade to free trade can
in fact equalize factor prices between countries where wide differences
in such prices previously existed. Consider this example. Let falling
transport costs and declining tariff barriers tend to equalize prices of
traded commodities. Countries will now export more of the goods that
exploit their favorable factor endowment. The demand for the abundant
and cheap factor booms, whereas that for the scarce and expensive
factor falls. Thus, commodity-price equalization tends to produce
factor-price equalization, although theory is ambiguous about how
much.

Both Heckscher and Ohlin were Swedes, and thus they were familiar
with the small, open economy. Indeed, when Heckscher was writing in
1919 and Ohlin in 1924, they were motivated by the commodity-price
convergence trends that they thought had taken place between Old
World and New in the late nineteenth century.® Their economic
metaphor was driven by primary foodstuffs. What we now call the
invasion of grains from the New World, driven by the sharp decline in
transport costs, served to lower the relative price of grains in the Old
World (like Britain) and raise it in the New World (like the United
States). Britain did not respond to the challenge with tariffs, although
countries on the continent did.* What occurred in the late nineteenth
century was exactly the kind of exogenous relative price shock that was
supposed to set factor-price convergence in motion. Britain and other
Old World countries in the free-trade zone had plenty of labor and little
land, whereas the United States in the New World had the opposite.
Thus, in 1870 the New World had high real wages and low farmland
rents, and the Old World had the opposite. According to Heckscher and
Ohlin, the invasion of grains should have raised real wages and lowered
rents in the Old World free-trade zone and lowered real wages and
increased rents in the New World, ceteris paribus. Did it?

In spite of the durability of the famous factor-price-equalization
theorem, nobody to our knowledge has explored its empirical signifi-
cance during the epoch that motivated Heckscher and Ohlin in the first
place: the late nineteenth century. This odd state of affairs is all the
more surprising given the attention that economic historians have
devoted to the grain invasion, the decline in transport costs, and the
convergence of prices internationally in the 40 years or so following
1870. Indeed, there has been little effort to explore the empirical
relevance of the factor-price-equalization theorem in the better-known
post-World War II period of convergence.’

The issues raised in this article also address recent scholarly interest

3 See the new translation edited by Flam and Flanders, Heckscher-Ohlin Trade Theory.

4 Kindleberger, “‘Group Behavior.”

5 See, however, Mokhtari and Rassekh, “‘Factor Price Equalization’’; and Rassekh, ‘‘The Role
of International Trade.’’
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INTERNATIONAL REAL WAGE DISPERSION, 1870-1913
Source: Williamson, ‘“The Evolution of Global Labor Markets.’’

in comparative growth performance over the past century or so. Moses
Abramovitz captured these ideas with his apt phrase ‘‘catching up,
forging ahead and falling behind.’’® Although interest in comparative
growth performance dates back to Alexander Gerschenkron’s late-
comer hypothesis of 1952, it has been reawakened with the appearance
of Productivity and American Leadership by William Baumol and his
collaborators, Gavin Wright’s analysis of the origins of American
industrial success, and what has come to be called the ‘‘new growth
theory.”””

Jeffrey Williamson recently constructed a real-wage database for 15
countries over the period 1870 to 1913. The data focused on the urban
unskilled and they were purchasing-power-parity adjusted.® The evi-
dence, summarized in Figure 1 by a coefficient of variation C(15),
documents considerable convergence. Furthermore, the late nine-
teenth-century real-wage convergence is similar in magnitude to the
better-known convergence of the great ‘‘Keynesian boom’’ after World
War I1. Perhaps most significant, however, is the finding that most of the
late nineteenth-century real-wage convergence was attributable to an

¢ Abramovitz, ‘‘Catching Up, Forging Ahead, and Falling Behind.”

7 Gerschenkron, ‘‘Economic Backwardness’’; Baumol, Blackman, and Wolff, Productivity and
American Leadership; and Wright, ‘‘The Origins of American Industrial Success.”’

8 Williamson, ‘‘The Evolution of Global Labor Markets.’’
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erosion in the real-wage gap between the Old World and New (Dno in
Figure 1) and not to any significant convergence within the Old World
(Do) or within the New (Dn). In 1870 real wages in the labor-scarce New
World (Argentina, Australia, Canada, and the United States) were 136
percent higher than in the labor-abundant Old World (Ireland, Great
Britain; Denmark, Norway, Sweden; Germany; Belgium, Netherlands,
France; Italy and Spain). But by 1895 real wages in the New World were
“‘only’” 100 percent higher, and in 1913 they were ‘‘only’’ about 87
percent higher. In short, the real-wage gap between Old World and New
fell by 36 percentage points over those 25 years, and by 49 percent over
those 43 years. The Old World caught up a bit with the New.

Although it was much less dramatic, what was true of the Old and
New World was also true of the two countries that best represented
each: in 1870 real wages in the United States were 67 percent higher
than in Britain; in 1895 they were ‘‘only’’ 44 percent higher; and in 1913,
“‘only’’ 54 percent higher. That is, the Anglo-American real-wage gap
fell by 23 percentage points over those 25 years, and by 13 percentage
points over those 43 years. Of course, the United States underwent
superior industrial growth during this period,’ a force that should have
tended to raise real wages in the United States relative to Britain. Over
the period as a whole, however, Britain caught up a bit with the United
States, which is surprising, given all that has been said about Britain
losing its leadership to the United States (although it must be said that
all of the British ‘‘catch-up’’ took place prior to 1895, and not afterwards
when American industrial ascendacy was most dramatic). F urthermore,
the wage (farmland)-rental ratio doubled in Britain whereas it halved in
America.!?

This article links the factor-price equalization literature with the
convergence literature. It asks: How much of the Anglo-American
factor-price convergence between 1870 and 1895 or 1913 can be ex-
plained by the convergence in commodity prices? Does the factor-price
equalization theorem play a quantitatively significant role during the
period of New World grain invasion, a period that motivated Heckscher
and Ohlin in the first place?

It is of course true that international factor mobility will directly bring
about factor-price convergence, a fact of which both Heckscher and
Ohlin were well aware. But it was the insight that commodity trade can
serve as a substitute for factor mobility that distinguishes their work.
Both Heckscher and Ohlin recognized that capital was to a considerable
extent internationally mobile, that labor was less so, and that land was
completely immobile.!! If returns to capital were broadly similar across

° Wright, “‘The Origins of American Industrial Success.”’

'© O’Rourke, Taylor, and Williamson, “‘Land, Labor and the Wage-Rental Ratio.”
'! Flam and Flanders, Heckscher-Ohlin Trade Theory, pp. 53, 159.
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countries, capital mobility would certainly offer an adequate explana-
tion. International wage and land-rent convergence are analytically
more interesting. They could be due to capital and labor mobility,
technology transfer, or commodity trade. Wages and land rents are thus
the focus of this article. Our aim is to isolate that portion of Anglo-
American factor-price convergence that can be attributed to commodity
trade. The strategy of the article will therefore be to assume that other
forces of convergence, in particular migration, were absent and to see
what the Heckscher-Ohlin mechanism might have done to factor prices
on its own.

The article falls into two parts. The first documents the extent of
commodity price-convergence during the period for aggregate Anglo-
American importables and exportables, not just grains. The second
estimates the impact that these price shocks had on the two economies,
focusing on factor prices in particular. To this end, computable general
equilibrium (CGE) models are constructed for Britain and the United
States. These models are then used to answer questions like: If
Anglo-American commodity-price differentials in 1870 had been like
they were in 1895 or 1913, by how much would Anglo-American factor
prices have changed? Since the aim of the article is to assess whether
commodity-market integration would have led to some considerable
factor-price convergence even in the absence of factor flows, we shall
assume that labor and capital were not mobile internationally. The
working paper underlying this published version explored the impact of
commodity-price convergence on Anglo-American factor-price gaps
when capital is mobile (the results were barely changed), and a separate
paper explored the impact when foreign labor migration is taken into
account.'? Thus, the present article is one component of a larger
project.

The British and the U.S. models will be kept simple, not much more
complex than those that we use in the classroom. Our interest is
historical, however, and so the models will differ in important respects
from the 2 X 2 Heckscher-Ohlin-Samuelson models taught in standard
trade courses. Any model in which foodstuffs are traded for manufac-
tures (as Heckscher and Ohlin envisaged) must have at least three
factors: land, labor, and capital. Moreover, land is of its nature specific
to agriculture. It is the historical insight of Heckscher and Ohlin that is
being tested here, not any particular theoretical model. Their models
were considerably more general than the textbook versions that bear
their name today; any model in which factor endowments determine
trade can be said to descend from their work.

12 O’Rourke, Williamson, and Hatton, ‘‘Mass Migration.”
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COMMODITY-PRICE CONVERGENCE 1870-1913
The Evolution of Anglo-American Transport Costs and Tariffs

Economic historians have long been aware of the revolutionary
decline in transport costs underlying overseas trade in the late nine-
teenth century. Douglass North called the decline ‘‘radical’’ for both
railroads and ocean shipping.'® Because Britain imported foodstuffs and
raw materials, and because these bulk commodities ‘‘were fundamental
beneficiaries of the cheapening transport costs,”” North thought that
lower transport costs contributed in Britain to ‘‘lower priced foodstuffs
and therefore rising real wages, and to the lowering in the cost of
industrial raw materials,”” and therefore, we take it, rising rates of
industrialization.'* Although North does not say so, symmetry suggests
that real wages must have been lowered in the United States whereas
industrialization must have been suppressed.

The kind of evidence that North used in his seminal 1958 article is
reproduced in Table 1. When deflated by a U.S. general price index,
North’s freight rate index among American export routes in Table 1
drops by more than 41 percent between 1870 and 1910. His wheat-
specific American East Coast freight factor (percent share of freight
costs in CIF value) fell by 53 percent between 1870 and 1913. The older
Isserlis index (which includes many other non-Atlantic trade routes)
displays a less spectacular decline of about 25 percent over the same
period. Knick Harley offers similar evidence on British overseas coal
freight rates.!®> All in all, Table 1 appears to support North’s choice of
the word ‘‘radical’’ to describe the decline in transport costs linking
U.S. and British commodity markets, even though the table ignores the
pronounced decline in transport costs from seaport to interior due to
railroads.

It is important not to equate the fall in transport costs during this
period simply with the fall in overseas shipping rates. The Heckscher-
Ohlin mechanism posits that producers respond to price signals; and
farm-gate prices in the United States were influenced at least as much by
railroad rates as by overseas rates in the late nineteenth century.
Harley’s data for wheat show that New York-Chicago price gaps were
larger, and, if anything, fell more rapidly than did New York-Liverpool
price gaps over the period.'® It was the joint impact of developments on
land and sea that mattered, and that is what we examine in this article.
Writing in 1924, Edwin Nourse thought these forces threw British

13 North, ‘“Ocean Freight Rates,”” p. 537.

14 Ibid., pp. 544, 545.

15 Harley, ‘‘Ocean Freight Rates.”’

16 O’Rourke and Williamson, ‘‘Were Heckscher and Ohlin Right?"* fig. 4.



898 O’Rourke and Williamson

TABLE 1
FREIGHT RATE INDICES, DEFLATED, 1870-1913: TRAMP SHIPPING, MOSTLY
ALONG ATLANTIC ROUTES
(1870 = 100)
North:
Isserlis: American Export North: American
Many Routes Routes East Coast Routes
1869 95.1 102.7 112.3
1870 100.0 100.0 100.0
1871 95.1 128.4 119.8
1872 88.3 131.2 109.9
1873 98.5 166.9 146.9
1874 98.8 145.0 130.9
1875 96.1 146.3 153.1
1876 96.1 141.2 142.0
1877 98.1 128.4 101.2
1878 97.3 150.5 135.8
1879 95.1 157.7 116.0
1880 92.0 171.8 106.2
1881 95.1 145.2 74.1
1882 89.6 145.2 71.6
1883 85.0 124.7 82.7
1884 78.1 110.3 79.0
1885 82.1 106.5 79.0
1886 80.2 100.8 87.7
1887 89.6 95.1 64.2
1888 101.8 98.9 65.4
1889 97.8 110.3 107.4
1890 83.4 121.7 61.7
1891 82.1 116.0 70.4
1892 75.8 106.5 69.1
1893 82.7 98.9 75.3
1894 86.2 83.0 70.4
1895 84.6 94.5 91.4
1896 85.9 108.9 90.1
1897 84.6 113.0 81.5
1898 99.5 127.4 80.2
1899 89.6 104.8 76.5
1900 93.9 129.4 101.2
1901 76.4 78.1 37.0
1902 66.6 63.2 44.4
1903 66.6 60.9 45.7
1904 65.7 59.0 30.9
1905 66.5 68.5 45.7
1906 62.6 76.1 43.2
1907 62.7 71.5 44.4
1908 57.9 60.9 38.3
1909 57.6 60.9 37.0
1910 59.5 58.7 39.5
1911 67.3 — 50.6
1912 85.3 — 85.2
1913 74.4 — 46.9

Sources: Isserlis: Isserlis, ‘“Tramp Shipping Cargoes and Freights,’’ table VIII, p. 122, col. 2
deflated by Statist price index in the same source, col. 6; North, American Export Routes: North,
““Ocean Freight Rates,”” table 2, p. 549 deflated by U.S. BLS consumer price index, U.S.
Department of Commerce, Historical Statistics of the United States, series E-135; North:
American East Coast Routes: North, ‘‘Ocean Freight Rates,”” table 3, pp. 550-52.
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farming, ‘‘which had been in orderly retreat for over fifty years,
. . . into a rout.”’"’

Other forces were at work that should have influenced the evolution
of Anglo-American price differentials after 1870, such as the slow
erosion in the height of American Civil War tariffs. The ratio of duties
to dutiable imports fell from 47 percent in 1870 to 42 percent in 1910; and
as a ratio to total imports, it fell from about 45 percent to 21 percent.'®
Because the United States was a net importer of manufactures during
most of this period, and since the Civil War tariffs were high on those
importables, the erosion in U.S. tariffs after 1870 should have served to
aid commodity-price equalization on manufactured goods, not just on
primary products.

Grain-Market Integration

In assessing the ‘‘radical’’ decline in overseas freight rates, the cost
reductions along the rails between Chicago and New York, and the
erosion in Civil War tariffs, what mattered, of course, was their impact
on the price convergence of tradables. By how much, for example, did
these forces raise the price of foodstuffs in the United States and lower
them in Britain? Almost without exception, the literature has explored
the question by looking solely at the grain market. This is certainly true
of Charles Kindleberger’s important contribution to the debate over the
Old World defensive policy response to the grain invasion, and it is also
true of Harley’s writings on late nineteenth-century transport, trade,
and settlement in the New World.!® Thus, we start there.

As Appendix 1 reports, wheat prices are quoted in gold-dollar prices
per bushel for American No. 2 winter wheat in three markets: Liver-
pool, New York, and Chicago.?® Liverpool was, of course, the major
port handling Britain’s grain trade, and Chicago was the city closest to
America’s grain producers; thus, it is the Liverpool-Chicago price gap
that matters most to the questions raised in this article. Liverpool prices
exceeded Chicago prices by 60.3 percent in the three years centered on
1870, by 25.4 percent in the three years centered on 1895, and by 14.9
percent in the three years centered on 1912.2! As it turns out, these price

17 Nourse, American Agriculture, p. 19.

18 J.S. Department of Commerce, Historical Statistics, p. 888.

19 Kindleberger, ‘‘Group Behavior’’; Harley, ‘‘Transportation, the World Wheat Trade and the
Kuznets Cycle’’ and ‘‘Late Nineteenth Century Transportation.”

20 Harley, ‘“Transportation, the World Wheat Trade and the Kuznets Cycle,”” pp. 246-47, with
interpolation for early years in Chicago. Winter prices are missing for Chicago for 1869-1871. We
therefore take the ratio of No. 2 winter wheat to No. 2 spring wheat for 1868 and 1872 and
interpolate geometrically between them. Multiplying the results by the reported prices of No. 2
spring wheat in Chicago gives an estimate of No. 2 winter wheat prices in Chicago for 1869-1871.
From 1894-1896 on, data limitations require that the Chicago price be for No. 2. spring wheat.
Thankfully, by 1884-1888 the spring and winter prices are exactly the same in Liverpool.

21 The price gap was only 4.8 percent for the three years centered on 1910. Indeed, Harley’s
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TABLE 2
ANGLO-AMERICAN COMMODITY PRICE CONVERGENCE:
LONG-RUN TRENDS 1870-1913

(percentages)
Commodity Traded Markets in which Quoted 1870 1895 1913
A. Commodity Detail
Wheat Liverpool vs. Chicago 57.6 17.8 15.6
Meat and animal fats London vs. Cincinnati 92.5 92.3 17.9
Cotton textiles Boston vs. Manchester 13.7 3.7 -3.6
Iron bars Philadelphia vs. London 75.0 43.4 20.6
Pig iron Philadelphia vs. London 85.2 46.9 19.3
Cotton Liverpool vs. New York 13.3 11.2 9.7
Coal New York vs. London -16.9 -2.0 8.8
Copper Philadelphia vs. London 32.7 13.6 -0.1
Hides Boston vs. London 27.7 16.6 8.7
Wool Boston vs. London 59.1 65.8 27.9
Tin New York vs. London 15.9 5.3 -2.3
Coffee New York vs. London —18.1 -3.5 8.2
Sugar New York vs. London 50.9 74.2 91.0
B. Commodity Aggregates

U.S. Exportable foodstuffs 51.9 33.0 10.6
U.S. Exportable intermediates 13.3 11.2 9.7
U.S. Importable manufactures 56.6 34.7 8.9
U.K. Importable foodstuffs 56.8 36.0 11.4
U.K. Importable intermediates 13.3 11.2 9.7
U.K. Exportable manufactures 31.3 14.6 2.6

Notes: These “‘long-run” figures are predicted from a nonlinear regression of annual data
1870-1913, where the percentage price gap is regressed on time and time squared. The price gaps
themselves are calculated as percentage differentials (for example, in the case of wheat, the percent
by which Liverpool prices exceeded Chicago). The commodity aggregates in Panel B use 1880
trade weights to construct weighted averages using six of the commodities documented in Panel A:
foodstuffs (wheat, and meat and animal fats), intermediates (cotton), and manufactures (cotton
textiles, iron bars, and pig iron).

Sources: See Appendix 1 and O’Rourke and Williamson ‘‘Were Heckscher and Ohlin Right?”’

differentials fluctuated widely around the convergence trend, and Table
2 offers an alternative way to smooth out the annual instability—
predictions from an estimated regression line. These imply instead that
the price spread between Liverpool and Chicago fell from 57.6 percent
in 1870, to 17.8 percent in 1895, and to 15.6 percent in 1913. Regardless
of the smoothing device used, Anglo-American wheat prices clearly
converged dramatically in the late nineteenth century. We should
stress, however, that these estimates almost certainly understate the
size of the price convergence because they ignore the collapse in the gap
between farm-gate and Chicago prices.??

figures show Chicago prices as higher than Liverpool prices in 1910. We preferred to concentrate
on the 1912 average as it is less favorable to our argument.
22 For example, from 1870 to 1895 rail rates between Council Bluffs and Chicago fell by more
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Commodity-Market Integration More Generally

Wheat and flour constituted 27.4 percent of U.S. exports and 15.3
percent of British imports in 1880. Unless other U.S. exportables and
British importables had considerably different price behavior, these
dramatic Anglo-American whéat price-convergence trends likely char-
acterized all Anglo-American commodity markets that were linked by
trade. What we need to test that proposition is Anglo-American price
data for a whole range of tradables, not just wheat. Surprisingly, the
literature has little to say on the nonwheat tradables. By presenting
evidence on other commodities, this article will fill that gap in the
literature.

The second biggest tradable foodstuff consisted of meat and animal
fats such as beef, pork, bacon, mutton, and butter. In 1880 18.3 percent
of U.S. exports and 9.3 percent of British imports were meat and animal
fats. When the Anglo-American price differentials are plotted for this
foodstuff, the series, like that for wheat, fluctuates widely. Table 2
suggests that meat-and-animal-fat price differentials between London
and Cincinnati—the meat-packing center of America—were higher than
for wheat in 1870. Convergence up to 1895 was modest. But conver-
gence after 1895 was spectacular. Over the 43-year period convergence
was, if anything, even more pronounced for these products than that for
wheat, as price differentials declined to about 18 percent in 1913. Thus,
there is ample evidence of meat-and-animal-fat price convergence over
the four decades.

We lack comprehensive price information on the full range of
products involved in Anglo-American trade in manufactures during the
period, but do have data on cotton textiles, iron bars, and pig iron, three
products that contributed an important share to total trade in manufac-
tures. We selected relevant market-price quotes from the most impor-
tant production centers for these products, Boston and Manchester for
textiles and Philadelphia and London for iron bars and pig iron. Even
specialists in the field might be surprised by the degree of price
convergence for these manufactures during the period. As shown in
Table 2, Anglo-American prices exhibit striking convergence for these
three products between 1870 and World War I, approximating those
already established for wheat and meat. Using the predictions from the
trend regressions, the cotton-textile price differential between Boston
and Manchester fell from about 14 percent in 1870 to about —4 percent
in 1913, the iron-bar price differential between Philadelphia and London
fell from 75 percent to about 21 percent, and the pig-iron price
differential fell from about 85 percent to about 19 percent.

Similar Anglo-American price convergence can be seen in Table 2 for

than those between Chicago and New York. See Williamson, Late Nineteenth-Century American
Development, table A.7, p. 262.
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coal, copper, hides, wool, and tin. There is, however, an important and
atypical case: raw cotton. This key intermediate good claimed an
important share of Anglo-American trade, 25.7 percent of 1880 U.S.
exports and 10.4 percent of 1880 British imports. As Table 2 reports,
Anglo-American cotton-price differentials eroded only slightly during
the late nineteenth century, from about 13 percent in 1870 to about 10
percent in 1913 (based on the regression predictions). This is one
important intermediate for which Anglo-American price differentials did
not drop sharply during the late nineteenth century.

The next step is to use 1880 trade weights?* and the price differentials
for the six major commodities documented in Table 2 (wheat, meat,
cotton textiles, iron bars, pig iron, and cotton) to develop Anglo-
American percentage price differentials for six aggregates: U.S. export-
able and British importable foodstuffs (wheat and meat), U.S. export-
able and British importable intermediates (cotton), and U.S. importable
and British exportable manufactures (cotton textiles and iron products).
These are used in the factor-price convergence analysis that follows.
They reveal the following trends (panel B, Table 2): the price differential
on U.S. exportable foodstuffs fell from 51.9 percent in 1870 to 10.6
percent in 1913; the price differential on U.S. importable manufactures
fell from 56.6 to 8.9 percent; the price differential on British importable
foodstuffs fell from 56.8 to 11.4 percent; the price differential on British
exportable manufactures fell from 31.3 to 2.6 percent; and the price
differential on tradable intermediates fell from 13.3 to 9.7 percent.

Had there been no other forces at work, the terms of trade between
manufactures and foodstuffs would have changed dramatically in both
countries. If Britain had absorbed all of the transport-induced price
shock, its terms of trade would have almost doubled. If the United
States had absorbed all of the transport-induced price shock, its terms
of trade would have more than doubled. These were very big price
shocks indeed, and they are likely to be understated on the U.S. side to
the extent that we have ignored significant price convergence between
farm-gate and Chicago or Cincinnati markets.

FACTOR-PRICE CONVERGENCE: INTUITION, EVIDENCE, AND
SIMPLE MODELS

Ever since Wassily Leontief uncovered his trade paradox for early
post—-World War II America, simple versions of the Heckscher-Ohlin
model have been under attack. We contend, however, that the model
fares far better when applied to the late nineteenth century, the period
that motivated Heckscher and Ohlin when they were writing in 1919 and
1924: factor endowments were the key determinants of trade patterns

2 O’Rourke and Williamson, ‘““Were Heckscher and Ohlin Right?”’
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when Heckscher and Ohlin constructed their theory. Most of the
evidence supporting this view comes from economic historians who
have recently analyzed the determinants of comparative advantage in
British and American manufacturing in the late nineteenth century.
Nick Crafts and Mark Thomas defended the Heckscher-Ohlin hypoth-
esis, arguing that endowments explain the pattern of trade in British
manufacturing between 1910 and 1935 and in U.S. manufacturing in
1909. Gavin Wright discovered similar evidence in his study of the
evolution of U.S. trade patterns between 1879 and 1940, an account that
Richard Nelson and Wright recently expanded.”* Based on a large
sample of 18 countries around 1913, Antoni Estevadeordal found even
more support for the Heckscher-Ohlin model. Indeed, his 1913 evidence
is far more supportive of the Heckscher-Ohlin model than that reported
by Edward Leamer, based on post-World War II data.> And William
Whitr;gy found no evidence of a Leontief Paradox in the U.S. data from
1899.

Evidence from the late nineteenth century thus seems to support
Heckscher and Ohlin’s argument that factor endowments largely deter-
mined trade. Encouraged by that fact, we now press on to explore the
implications of commodity-price convergence for factor prices. The
simplest approach would be to take the standard 2 X 2 model that is
used commonly in the classroom by trade theorists. More plausibly, we
could take the standard sector-specific factor model, totally differenti-
ate, and solve for percentage changes in factor prices as a function of
percentage changes in commodity prices. For example, in each country
let

A=A(Ly R) M
M = M(Ly, K) 2

where A and M are outputs of food and manufactures, L, and L,, are
inputs of labor in the two sectors, and R and K are inputs of land and
capital, respectively. In each sector, price equals cost; as is well known,
this implies that (4 denotes percentage change)

Pa= 0r4W + Orad ?3)

Du = O0uW + Oxar )

where on the right-hand side we have a weighted sum of percentage
changes in wage rates (W), land rents (@), and returns to capital (f). Note
that this standard model assumes labor to be completely mobile, so that

24 Crafts and Thomas, ‘‘Comparative Advantage in UK Manufacturing’’; Wright, ‘*The Origins
of American Industrial Success’’; and Nelson and Wright, ‘‘The Rise and Fall.”

25 Estevadeordal, ‘‘Comparative Advantage,” p. 9; and Leamer, International Comparative
Advantage.

26 Whitney, ‘‘Structure of the American Economy.”
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wages are the same in both sectors. In addition, full employment
requires that

aLMM + aLAA =L (5)
aRAA =R (6)
aguM = K )

where the a;s are variable input-output coefficients, and L, R, and K are
the endowments of the three factors. Converting these three equations
to percentage-change form (again, where d@ denotes percentage change),
and using the fact that

oa = (aga — L)W — d) ®
om = (Agm — arm)/(W — F) )]

we obtain
oA — F) + oaA (W — d) =0 (10)

where the os are elasticities of substitution in the two sectors, and the
As are the sectors’ shares of total employment.

Equations 3, 4, and 10 can then be solved for w, 7 and d, as functions
of p, and p,,. Furthermore, they can be estimated, here illustrated for
1870.%” In the British case, 6, , = 0.529, 6;,, = 0.68, A, = 0.226, 0, =
1, o3y = 0.5, p, = —0.187, p,, = 0.113. In the U.S. case, 0, , = 0.594,
Opp =0.479, 0,4, =0.54, 0, = 1, 03, = 0.45, p, = 0.158, pp, = —0.209.
The price shocks reflect the decline in the Anglo-American price gap
between 1870 and 1913. In Britain food became cheaper and manufac-
tured goods more expensive, whereas the opposite occurred in the
United States. The standard (but simple) sector-specific factor model
predicts for Britain that in response to the observed commodity-price
shocks farm rents decline by 42.8 percent, returns to British capital
increase by 29.4 percent, and British (nominal) wages increase by 2.8
percent. In the United States rents increase by 28.2 percent, returns to
capital fall by 46.9 percent, and wages increase by 7.4 percent. The
British wage-rental ratio increases by 79.7 percent and the U.S. ratio
falls by 16.2 percent. According to these calculations, the standard
model predicts that commodity-price convergence during the late nine-
teenth century must have had extremely large effects on factor prices.

One feature of these results deserves emphasis: returns to capital rise
in Britain and fall in the United States. This is inevitable, given that
capital is specific to manufacturing and given the impact of commodity-
price convergence on manufactured-goods prices in the two countries.
If capital could move internationally in response to these shocks, it

27 See' Appendix 2; and O’Rourke and Williamson, ‘‘Were Heckscher and Ohlin Right?”’
appendix 3.
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would flow from the United States to Britain—not the reverse, as was in
fact the case. Of course, there were many reasons why capital should
have flowed from the Old to the New World during this period; we are
simply suggesting that falling transport costs favored British manufac-
turing at the expense of U.S. manufacturing, and that such effects by
themselves should have served to diminish the capital flow from Britain
to the New World.?® Finally, note that if capital is assumed to be
perfectly mobile internationally, so that its nominal return is exogenous,
then # = 0, and equations 3 and 4 suffice to solve for # and d. Allowing
the capital stock to adjust in this way exaggerates enormously the
response of wages and rents to the price shocks. We view this
assumption to be ahistorical in the extreme, and thus we ignore it in
what follows.

Although the economic intuition of the standard model may be
obvious, the framework is far too simple for empirical analysis of the
late nineteenth century. In fact, capital was an input into agriculture as
well as manufacturing (giving the analysis more of a Heckscher-Ohlin-
Samuelson flavor); nontraded sectors were important in both countries;
the United States was ‘‘large’’ in the world market for cotton; outputs
from one sector could be used as inputs into another; and rural-urban
wage gaps were substantial. Equally important, perhaps, these price
shocks were large enough to imply that linear approximations (such as
the one we have presented) are unlikely to yield reliable solutions.?®
Nonlinear solution methods are thus required.

The models we use in this article satisfy these objections. It should
also be clear that they are not ‘‘black boxes’’ but rather are derived from
the standard models used so freely in the classroom. What follows is a
brief statement of the models.

A=A, K, R, (12)

28 The simple model used here ignores the possibility of international capital flows responding to
the price shocks implied by commodity-price convergence. In a more detailed working paper
(‘““Were Heckscher and Ohlin Right?’’) we allowed for such effects, and they did little to change the
results reported here.

2 If we pretend that land and capital are the same factor and attempt to solve a simple 2 x 2
model using this method, the return to the nonlabor factor actually becomes negative in both
countries!
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= 5 M) a3)

M = M(Lyg, Kogr-Aagr-Dot Tog) a6)

30 This follows Williamson, Did British Capitalism. Elasticities in the American model are taken
from Harley, ‘‘The Antebellum American Tariff.”” They are: unity in the agricultural sectors, 0.45
in manufacturing, and 0.1 in services.

3! This specification is standard in applied work. See Harley, ‘‘The Antebellum American
Tariff’’; O’Rourke, ‘‘Burn Everything British But Their Coal’’; or Rutherford, General Equilibrium
Modeling. 1t allows for the reality of endogenous wage gaps. The elasticity of transformation is set
to 10 in both models.

32 In other experiments performed for purposes of sensitivity analysis, more general CES utility
functions were assumed.
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33 The rationale and procedure for this are identical to those given in Harley, ‘‘The Antebellum
American Tariff.”” In the trade-and-development literature, this is known as the Armington
specification. The elasticity of substitution between domestic and imported manufactures is taken
to be five. The Armington assumption is not made for British food imports, as food is a more
homogenous commodity than manufactured goods.
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TABLE 3
THE ESTIMATED IMPACT OF ANGLO-AMERICAN COMMODITY PRICE
CONVERGENCE ON FACTOR PRICES, 1870-1913

(percentages)
Actual Movement in Factor Prices Estimated Impact
Variable United States Great Britain United States  Great Britain

Early Period: 1870-1895

Nominal returns

Urban wage -10.5 +14.2 +6.5 +7.5
Land rent +19.9 -51.3 +11.7 —-34.1
Return to capital n.a.? n.a. +2.8 +6.9
Wage-rental ratio -25.3 +134.4 —-4.7 +63.1
R +213.9 +71.1
Real returns

CPI -31.3 -21.0 +6.4 -2.7
Real urban wage +30.3 +44.6 +0.1 +10.5
Real land rent +74.5 —-38.3 +5.0 -32.3
Real return to capital n.a. n.a. -3.4 +9.8

Full Period: 1870-1913

Nominal returns

Urban wage +16.8 +30.3 +14.1 +12.0
Land rent +171.1 —49.5 +28.9 -57.8
Return to capital n.a. n.a. +3.3 +11.1
Wage-rental ratio -57.0 +158.2 -11.5 +165.4
R +500.3 +199.9
Real return

CPI -22.2 -11.0 +13.7 -7.8
Real urban wage +50.1 +46.4 +0.3 +21.4
Real land rent +248.9 —43.3 +13.4 —54.2
Real return to capital n.a. n.a. -9.2 +20.5

® n.a. = data not available.
Note: R is the percentage increase in the British relative to the U.S. wage-rental ratio.

34 The *‘tariff”’ revenue accrues to the American consumer, on the assumption that transport
revenues accrued to American shipping interests. It would be a simple matter to let them accrue to
foreign shipping interests; in any case, the amounts involved are too small to affect the results.

35 Gallman, ‘‘Commodity Output’ and ‘“The United States Capital Stock’’; and Gallman and
Weiss, ‘‘The Service Industries.”
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ESTIMATING ANGLO-AMERICAN FACTOR-PRICE
CONVERGENCE EFFECTS

The results of the counterfactual analysis are summarized in Table 3.
The table offers estimates of the impact of commodity price conver-
gence on Anglo-American factor prices for both the earlier years (1870
to 1895) as well as the full period (1870 to 1913). The table also reports
actual movements in factor prices.>® In what follows, we first discuss
the effect of commodity-price convergence alone, and then ask what
share of the observed movements in factor prices can be attributed to
these Heckscher-Ohlin forces.

Although the model was never designed to predict the behavior of the
general price level and other monetary events, it may still help clarify
tales of factor-price convergence if we start by looking at nominal
returns to the three factors and compare the results in Table 3 with those
arising from the simple sector-specific factor model discussed in the
previous section. A big difference between the models is that now
capital is used in agriculture as well as in manufacturing. Thus, the
return to capital in the United States does not collapse as before, and
land rents do not change as dramatically either. As before, nominal
wages increase moderately in both countries.

What about real wages? As we indicated in the introduction, the
Anglo-American (urban-unskilled-worker) real-wage gap declined from
67 percent in 1870 to 44 percent in 1895. Table 3 implies that commodity-
price convergence forces by themselves reduced the wage gap to 51.3
percent in 1895. That is, the forces of commodity-price convergence can
explain two-thirds of the decline in the real-wage gap over the quarter
century ending in 1895 ([67 — 51.3]/ [67 — 44] = .68). Between 1870 and
1913, the real-wage gap actually declined from 67 to 54 percent. Table 3
implies that the forces of commodity-price convergence alone eroded
the gap from 67 to 38 percent over the full period. Thus, Heckscher-
Ohlin forces by themselves would have produced a far bigger Anglo-
American real-wage convergence than the actual real-wage conver-
gence observed, confirming the view that the effects of superior
American industrial performance were dominant after 1895. Commod-

36 Deane and Cole, British Economic Growth; Feinstein, National Income; and Williamson, Did
British Capitalism.

37 O’Rourke and Williamson, ‘‘Were Heckscher and Ohlin Right?”’ appendix 3.

38 The actual movements in factor prices were calculated by taking fitted values from regressions
of nominal wages and cost of living indices in the two countries on time and time squared. The same
procedure was applied to British nominal farm rents but not to U.S. farm rents. U.S. rents are only
available at census dates prior to 1910. Here, we accept the observation for 1870, obtain a figure
for 1895 by interpolation, and take the average for 1912-1914 as the 1913 observation. The data
underlying these calculations are available on request, but they are taken from Williamson, ‘“The
Evolution of Global Labor Markets’’; and O’Rourke, Taylor, and Williamson, ‘‘Land, Labor, and
the Wage-Rental Ratio,”” appendix table 1.
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ity-price convergence played a significant role in fostering real-wage
convergence up to 1895—just as Heckscher and Ohlin predicted—and in
muting the powerful divergence forces set in motion by Edwardian
industrial failure in Britain and Chandlerian industrial success in
America.*®

Commodity-price convergence would have raised nominal wages in
each country by approximately the same rate. When cost of living
implications are taken into account, however, we see the substantial
rise in relative British real wages already noted. Table 3 offers support
for the importance that contemporaries attached to food in determining
living standards of European workers.* After all, food was an impor-
tant part of the household budget during this period. The share of wheat
(bread and flour) in workers’ budgets was about 16 percent; the share of
meat and animal fats (beef, mutton, bacon, butter) was about 30
percent.*! This implies that commodity-price convergence, by reducing
the cost of food in Britain relative to that of the United States, reduced
relative British cost of living and hence increased relative British real
wages. The impact of manufactured tradable prices, rising in Britain
relative to the United States, would, of course, have had the opposite
effect, but such items constituted a much smaller share of workers’
budgets. For example, clothing accounted for 12 percent of workers’
budgets. The model’s consumer price index (CPI) calculations also take
into account the rise in nontradable service prices (bigger in the United
States than in Britain) generated by commodity-price convergence.

What about real rents on farm land? Commodity-price convergence
served to raise real land rents in the United States by 13.4 percent over
the four decades, helping explain at least some of the rise in farmland
values, of which so much has been made by American economic
historians. Meanwhile, on the other side of the Atlantic, the same events

3 These conclusions about trends in the Anglo-American real-wage gap induced by commodity-
price convergence are robust to assumptions made about the various elasticities embedded in the
model. Experiments were performed for the full period, letting substitution elasticities in both
production and consumption range between 0.25 and 4; letting the elasticity of transformation in
the migration function decline to 0.25; and letting the Armington elasticity of substitution between
home and imported manufactures for the U.S. consumer equal 10 rather than 5. (Details are
available on request.) The only factor prices that showed much sensitivity to these experiments
were land rents in Britain and returns to capital in the United States. Even here, however, the main
conclusions of the paper were unaffected.

“0 This is one reason why during the debate in England the Corn Laws were called a “‘bread tax”’
on labor. This might be a good place to point out that the U.S. cost of living index used to deflate
nominal wage rates is a midwestern CPI. The ‘‘actual’’ U.S. real-wage trends in Table 3 thus apply
to urban unskilled workers in the Midwest, where grain prices were rising in response to transport
improvements to the interior. In contrast, unskilled workers in eastern cities presumably benefitted
from lower food prices. We hope to examine the U.S. regional dimensions of commodity-price
convergence in future work. That is, how much of regional per capita income convergence since
the Civil War can be explained by the same Heckscher and Ohlin forces being assessed here for
Anglo-America in the late nineteenth century?

41 Williamson, Did British Capitalism, p. 221, 1877-1891 budgets.
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served to reduce real land rents in Britain by an enormous 54.2 percent,
precipitating a great agricultural depression, of which so much has been
made by British economic historians.

Commodity-price convergence led to an even greater rate of wage-
rental convergence than was true of either wages or rents separately.
This is hardly a surprise, given that both numerator and denominator
were converging. The British wage-rental ratio rose in fact by 158.2
percent over the period, whereas the U.S. ratio fell by 57 percent; the
British ratio thus rose relative to the American ratio by 500.3 percent.
Table 3 implies that commodity-price convergence by itself would have
raised the British relative ratio by 199.9 percent (the British ratio rising
165.4 percent and the U.S. ratio falling 11.5 percent). Commodity-price
convergence can account for all of the rise in the British ratio (165.4
versus 158.2), for about a fifth of the fall in the U.S. ratio (—11.5 versus
—57.0), and tor about four-tenths of the relative rise in the British ratio
(199.9 versus 500.3).

In addition, note that commodity-price convergence tended to erode
U.S. capital scarcity. In real terms, returns to capital in the United
States fell by 9.2 percent over the full period in response to these
Heckscher-Ohlin events, whereas they rose in Britain by 20.5 percent.*?

Finally, consider how much more important commodity-price con-
vergence was in accounting for British factor-price trends than it was for
U.S. factor-price trends. Over the four decades as a whole, commodity-
price convergence accounted for the entire decline in British (deflated)
rents, for the entire rise in the British wage-rental ratio, and for almost
half of the rise in British real wages. The impact was much smaller for
the United States, about a fifth of the fall in the wage-rental ratio. Some
of the difference in impact is likely to be explained by the fact that we
have understated the convergence of farm-product prices by ignoring
the eroding gap between farm-gate and Chicago or Cincinnati markets.
Some of the difference may also be explained by the fact that Britain
was a far less dynamic economy. Thus, it seems inevitable that trade
should have had a far bigger impact on the evolution of British factor
prices than on the evolution of factor prices in North America, where
endowments and technologies were changing more rapidly.

A RESEARCH AGENDA

These are only tentative findings, but the impact of Anglo-American
commodity-price convergence on factor-price convergence is much too
large to expect that ongoing improvements to the database are likely to

42 This result follows from two sources: commodity-price convergence helped manufacturing in
Britain and hurt it in the United States; and manufacturing was relatively capital intensive. The
implications of this result for trans-Atlantic capital flows is discussed in our working paper, ‘‘Were
Heckscher and Ohlin Right?”’
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change them. It appears that Heckscher and Ohlin were right. Trade did
have a powerful impact on factor prices, living standards, and income
distribution in the United States and in Britain in the late nineteenth
century.

What about the rest of the New World? Were the same forces at work
in Australia and Argentina? And what about the rest of the Old World?
Were the factor-price influences more modest on the Continent, where
tariffs were thrown up in the face of the New World grain invasion? And
what about the interwar interruption in real-wage convergence? Do
these results for the late nineteenth century suggest that a significant
share of the interwar cessation in long-run real-wage convergence can
be explained by the disintegration of world-commodity markets? Can a-
significant portion of the convergence that resumed after World War 11
also be explained by a resumption of commodity-price convergence?
And what about regional convergence within the United States from the
1870s to the 1990s? Did interregional trade have the same impact here?

These are exciting questions, but for the moment we have enough
evidence from the late nineteenth-century Anglo-American economies
to suggest that Heckscher and Ohlin were absolutely right when they
were cultivating the factor-price-equalization theorem just after World
War I. What we need now are more price histories documenting
commodity-price convergence in the late nineteenth century, its likely
cessation during the interwar years, and its resumption after 1950.

Appendices

APPENDIX 1: ANGLO-AMERICAN TRADABLE PRICE DATA
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