Shrinking in a Growing Economy? The Mystery of Physical
Stature during the Industrial Revolution
JOHN KOMLOS
The interest generated by the anthropometric research program since the pioneering publications of the late 1970s has been predicated to a considerable degree on the discovery of
previously unknown cycles in human physical stature since the Industrial Revolution in both
Europe and North America.1 A diminution in the physical stature of Americans born in the late
1830s was first reported by Robert Margo and Richard Steckel in 1983 on the basis of Union
Army records (Figure 1) 2 This discovery, as well as the subsequent finding of a similar trend in
life expectancy, called into question the common wisdom that the rapid expansion of the US
economy during the antebellum decades brought about an unambiguous and monotonic
improvement in the human condition.3 The biological standard of living was hardly expected to
decline at a time when per capita output rose by some 50 percent between 1830 and 1860.4
After all, food is a normal good whose consumption should not diminish at a time of general
economic prosperity.5
That Europeans were not exempt from such anthropometric cycles was discovered two years
later.6 The first decrease in physical stature occurred earlier in Europe, coinciding with the
onset of the Industrial Revolution (c.1760 to 1800).7 It is less paradoxical than the subsequent
height cycle beginning in the 1830s, inasmuch as real wages fell consistently
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Steckel, "Slave Height Profiles", and "Strategic Ideas."

2
Margo and Steckel, "Heights." Dates refer to birth cohorts throughout this article, unless otherwise
noted.
3
Pope, "Adult Mortality." For England, see, Huck, "Infant Mortality"; and Szreter and Mooney,
"Urbanization." Costa and Steckel assert that "the years after 1830 are often glorified by economic
historians as signifying the onset of industrialization and improving living standards, yet our measure of
HDI [Human Development Index] indicates that welfare essentially stagnated during the early phase of
industrialization because modest increases in per capita income and literacy were offset by declines in
stature." "Long-Term Trends," p. 73.
4

Weiss, "U.S. Labor Force Estimates" p. 27.

5

Subramanian and Deaton, "Demand."

6

Komlos, "Stature."

7

This is not the place to discuss either the timing of the onset of modern economic growth or the
conceptualization of the Industrial Revolution. Suffice it to say that both economic and demographic
growth were ubiquitous, even if regionally confined, in late eighteenth-century Europe. So was growth in
per capita product. I use the concept of modern economic growth in this Kuznetsian sense. Kuznets,
Modern Economic Growth. It is true, that these countries were at different levels of economic
development, but they all participated in the cyclical upswing in business activity of the late eighteenth
century, and were part of an international economy They all urbanized, industrialized, and experienced
rapid population growth. So it is plausible that the nutritional cycles they experienced were also similar.
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FIGURE 1
HEIGHT OF AMERICANS
Sources: Komlos and Colcanis, "On the Puzzling Cylce"; Costa and Steckel, "Long-Term Trends";
Komlos, "Height and Weight" and "Toward an Anthropometrics History"; and Steckel and Haurin,
"Health and Nutrition."

throughout all of Europe for much of that period.8 The decline was subsequently found to be
synchronous in four European countries: the United Kingdom, Sweden, the Habsburg
Monarchy, and Bavaria (Figure 2).9 In each case, the trends were consistently confirmed in
several independent samples: in the Habsburg Monarchy among recruits born in five provinces
and in the United Kingdom among Irish, Scottish, and English soldiers. The decline
8

Real wages fell in Britain by about 20 percent between 1750 and 1800, but by 1820 they reached their
1750 level again. Only thereafter were some gains registered. Crafts and Mills, "Trends," pp. 179-80.
London bricklayers sew the purchasing power of their wages halved between 1734 and 1802. Schwarz,
"Standard," p.39. Feinstein, "Pessimism," finds that real wages in Britain tended to stagnate but not
decline during and immediately after the beginning of the Industrial Revolution. However, his index
begins in 1770, which was at the trough of the secular trend. He also finds that that was little
improvement, if any, in real incomes during the first half of the nineteenth century. The English pattern
was also evident on the Continent; in Vienna, for instance, wages could purchase one-third less bread in
the 1780s than they could a half century earlier. Sandgruber, Anfänge, p. 115. Similarly in Sweden, real
wages were just about halved between c. 1735 and 1805 for agricultural workers. Jörberg, History, Vol.2,
p. 185. In Munich nominal wages divided by rye prices in 1770/75 were only 40 percent of their 1730/35
value. Baten, Ernährung, Chapter 4.
9
Sandberg and Steckel, "Heights"; Komlos, Nutrition, p. 58, "Secular Trend," and "Malthusian Trap";
Steckel, "Stature," p. l 920; Mokyr and O'Grada, "Height,"; and Baten, "Einfluss." In contrast, Floud,
Wachter, and Gregory argued at first that heights increased in the United Kingdom among those born
during the Industrial Revolution. Height, p. 151-152. They have recently revised their position and
acknowledge that heights did, indeed, decrease at least during the period 1760-1780s. Yet, even according
to their own revised estimates the heights of the 1760s were not reached again until half century later, that
is, until the birth cohorts of the 1810s. Floud and Harris, "Health," p. 101, 102.
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FIGURE 2
HEIGHT OF ENGLISH SOLDERS, 20-23 YEAR OLDS
Source: Komlos, "Secular Trend."

is also evident among civilians, such as children, convicts (both male and female), and indentured servants transported to colonies in the New World.10 In the United States, too, the
pattern was found repeatedly: among West Point cadets, the free blacks of Maryland and
Virginia, Georgia convicts, Amherst students, New York and Pennsylvania soldiers, and Ohio
National Guardsmen (Table 1).11 Moreover, the American downswing of the 1830s and 1840s
had its European counterpart as well.12
10

Komlos, "Secular Trend"; and Nicholas and Steckel, "Heights." Riley's study of heights in midnineteenth-century Britain is an exception: he did not find heights declining. His analysis of the trend is
incomplete, however, inasmuch as he did not standardize his results by place of birth or by occupation of
his sample. In addition, the social composition of his sample is unclear. See Riley, "Height," p. 478.
11

Komlos, "Height and Weight"; and "Toward an Anthropometric History"; Komlos and Coclanis, "On
the Puzzling Cycle"; Murray, "Standards"; Steckel and Haurin, "Health"; Cuff, "The Anthropometric
History"; and Bodenhorn, "Most Wretched Class".
12
This includes Austria, England, Ireland, Scotland, Bavaria, Netherlands, Sweden, and Russia. Mironov, "New Approach." The trend of heights in France is less clear: heights declined among students of
the Ecole Polytechnique but not among army recruits. van Meerten, "Developpement"; Weir, "Parental
Consumption Decisions"; Komlos, "Nutritional Status"; and Selig, "Malnutrition." Weir suggests that
France's low level of urbanization, slow population growth, and wider distribution of property were the
main reasons heights did not decline in the early stages of industrialization. Weir, "Economic Welfare," p.
163. Sandberg and Steckel report that Swedish heights diminished only in the 1840s but not in the 1830s.
Sandberg and Steckel, "Was Industrialization Hazardous." In the Netherlands heights began to decline
earlier (c. 1810) and reached a trough among the 1840s birth cohorts at a low level (164 cm). Not until
the cohorts of 1865 were recruits as tall as those born in 1810. Drukker and Tassenaar, "Paradoxes," p.
341.
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TABLE 1
TREND IN THE PHYSICAL STATURE OF ANTEBELLUM AMERICANS
(centimeters)
_____________________________________________________________________________________

Type of People
Changea
Period
Sample
_____________________________________________________________________________
Free
White men
-1.30
1830s-1840s
Union Soldiers
-0.79
1830-1835/40
Union Soldiers from Pennsylvania
-1.00
1820s-1840 Union Soldiers from New York State
-0.69
1820s-1835/39
Georgia Convicts
-1.65
1835/39-1840s
Georgia Convicts
-0.56
1820/34-1840s
West Point Cadets
-1.20
1830s-1840s
Amherst Students
-2.00
1850-1860
Ohio National Guardsmen
Black men
-1.29
1820s-1830s
Virginians Born Free
-2.21
1820s-1830s
Baltimore Born Free
-0.56
1820s-1830s
Maryland Born Free
Black women
-1.25
1820s-1830s
Virginians Born Free
-0.56
1820s-1830s
Maryland Born Free
Slave
Men

0.00
1830s-1840s
Georgia Convicts
1.52
1820s-1830s
Virginia Manumitted Slaves
0.23
1820s-1830s
Transported to Lower South
2.31
1830s-1842
Transported to Lower South
0.89b
1820s-1830s
Maryland Manumitted Slaves
0.46c
1820s-1830s
Union Army Soldiers
Women
-2.29
1820s-1830s
Virginia Free
-0.94
1820s—1830s
Maryland Manumitted Slaves
_____________________________________________________________________________
a

change is for the period indicated.
We do not know how long the persons were slaves before being manumitted.
c
We do not know who were recently manumitted slaves and who were already free prior to the Civil War.
b

Sources: A'Hearn, "Antebellum Puzzle"; Bodenhorn, "Most Wretched Class"; Costa and Steckel,
"Long-Term Trends"; Craig and Weiss, "Nutritional Status"; Cuff, "Variation"; Haines, "Health"; Komlos,
"Height"; Komlos and Coclanis, "On the Puzzling Cycle"; Komlos, "Toward an Anthropometric History";
Margo and Steckel, "Height of American Slaves"; Murray, "Net Nutrition"; and Steckel and Haurin,
"Health."

This essay synthesizes the evidence accumulated on the downward phases of these two cycles
(c. 1760 to 1800, and 1830 to 1860) on the basis of nearly half a million observations examined
since the enigmatic discovery some 15 years ago.13 Another aim is to argue that these two
downswings in physical stature were linked to such economic forces unleashed by the onset of
modern economic growth as the rise in income inequality, increase in relative food prices,
increased variability of income, urbanization, and industrialization. Although these reinforcing
processes, whose impact varied over time and across localities, might have acted in combination
with changes in the epidemiological environment, the weight of evidence suggests that the latter
does not, by itself; satisfactorily resolve the mystery of the "early-industrial-growth puzzle" (or in
the American context the "antebellum puzzle"). 14
13

In contrast to this essay, Steckel's recent overview covers the whole field of anthropometric history.
"Stature."
14
Gallman expressed scepticism about this position in, "Dietary Change." For a rejoinder see Komlos,
"Anomalies."
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Both the American and European episodes occurred at the threshold of a great socioeconomic
transformation and thus afford insights into its welfare effects.15 Both periods witnessed a shift
toward the industrial sector, and both saw a rapid modernization of the institutional framework.16
The major difference between the two epochs is that, while real wages tended to decline during
the second half of the eighteenth century, they tended to rise between 1830 and 1860. Data are
obviously more sketchy for the earlier period, and GNP estimates exist only for Great Britain, but
it is clear that the (proto)industrial sector was expanding very rapidly throughout western and
central Europe. Industrial growth in Great Britain exceeded two percent per annum during the
second half of the eighteenth century, and in Bohemia the industrial labor force grew at a rate of 4
percent per annum.17 During the second period, the national income of all western European
countries was growing robustly.18 Their average was around 1 percent per capita per annum, and
real wages tended to increase as well, but at a slower pace.19 Hence, the decline in physical stature
is more of a conundrum during the second cycle under consideration than during the first, insofar
as real wages generally declined or stagnated between 1750 and 1800.

ENDOGENOUS EFFECTS
Income Redistribution Effect
In the early phases of modern economic growth income tended to become more unevenly
distributed in favor of the upper income brackets.20 In turn, (ceteris paribus) skewing of the
15

A similar pattern obtained with the previous great economic transformation, the Neolithic Agricultural
Revolution. Coatsworth, "Welfare." For a similar pattern in Japan, see Shay, "Level"; and Hanley, Everyday
Things. For a rationale for analyzing alternative indexes of well being, see Arrow, "Invaluable Goods"; and
Crafts, "Some Dimensions."
16

Blum, End; and Komlos, Nutrition, Chapter 3.

17
Crafts, British Economic Growth, p. 26. The Bohemian growth rates are the author's calculations. The
pattern was similar in a large number of regions: Flanders, northern France, Krefeld, and Saxony, to
mention just a few. See Kisch, Hausindustriellen; and Mendels, "Proto-Industrialization".
18

Rate of Growth of Per Capita Real GDP and Real Wages in Selected European Countries, 1830-1860
_____________________________________________________________________________________
Country
GDP
Wages____________________
Belgium
1.8
1.1
U.K
1.6
1.0
U.S.
1.4
0.7
France
1.2
0.4
Netherlands
0.9
0.6
Austria
0.8
n.a.
Sweden
0.8
0.5
Germany
0.7
0.4
_____________________________________________________________________________________
Sources: Maddison, Dynamic Forces, pp. 206, 236; Belgian wages pertain to miners 1835 - 1860,
Scholliers and Zamagni, Labour 's Reward, p. 203; Weiss, "U.S. Labor Force Estimates," p. 27; Feinstein,
"Pessimism," table 5; Gömmel, Realeinkommen, p. 27; U.S. wages pertain to laborers; simple averages were
calculated for the four regions given in Goldin and Margo, "Wages," p. 99; LevyLeboyer and Bourguignon,
French Economy, p. 329; and Smits, Horlings, and van Zanden, "Measurement;" and Jörberg, History, p.
350.
19
In a historical context this was an unprecedented achievement, given the rapid rate of population
growth at the time. Bairoch, "Europe's Gross National Product," pp. 279, 288.
20
Kuznets, Modern Economic Growth, p. 212; Williamson and Lindert, American Inequality, pp. 62, 67;
for United States see also Lindert, "Toward a Comparative History," p. 216; Van Zanden, "Tracing";
Horrell, "Home Demand"; and Williamson, "Did British Capitalism," p. 18; and "British Inequality," p. 61,
62; and Inequality, Poverty, p. 15. Williamson's calculations have been criticized
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income distribution could have had an adverse impact on average physical stature, inasmuch as
the income elasticity of demand for food was less than one and the marginal contribution of
nutrients to human growth diminished with increasing food intake.21 These mutually reinforcing
effects meant that a shift in the distribution of income from the lower to the upper stratum
caused a decrease in the height of the offspring of the former group, while the height of the
children of the upper classes improved by less, and therefore did not compensate the diminution
of the former. To be sure, an increase in average income could well have counteracted the
deleterious effect of income inequality, provided it was large enough and distributed broadly in
the society.
Yet, economic growth was not a Pareto-optimal process because technological change
depressed the market value of some skills and capital. Hence, there were people who were made
worse off by the onset of industrialisation.22 That the coefficient of variation of physical stature
increased over time in Bavaria and was greater in urban than in rural areas is an indication that
not only income but nutritional resources were also becoming more unevenly distributed.23
Similarly, the range of heights across occupations increased in the United States in the first half
of the nineteenth century.24 Hence, to the extent that the benefits of modern economic growth
accrued unevenly, and some were made worse off, the trends of average physical stature and
income could have diverged from one another.
Although this effect may not have been important in all regions under consideration, one
would expect it to have been strongest among groups who possessed human or physical capital
whose supply was inelastic. Handloom weavers were one such group at the lower end of the
income distribution, whereas landowners, at the opposite end, benefited from the increasing
demand for land. Hence, the physical stature of upper- and middle-class German students
improved at the end of the eighteenth century, in vivid contrast to that of the lower classes.25 A
similar pattern obtained in the 1840s among those West Point cadets whose father was a
professional, and among Harvard students, whose height did not diminish initially, as did that of
the sons of the common man.26 Likewise, the sons of English gentry were unaffected by the
adverse developments of the "hungry" 1840s.27 The inference is that the skewing of the income
distribution, reinforced by some of the other effects listed below,
_____________________________________________________________________________
in Feinstein, "Rise," p. 704. Lindert suggests that inequality "probably" increased between 1750 and 1815.
"Unequal Living Standards," pp. 383, 385. Crafts ("Real Wages," p. 87) concludes that "it would seem
probable [that] there were some small increases in inequality in the first half of the nineteenth century but
not the substantial change supposed by Williamson". For the Swedish, Belgian, and German confirmation
of the Kuznets curve see, Söderberg, "Wage Differentials," p. 79; Scholliers, "Industrial Wage
Differentials," p. 116; and Dumke, "Income Inequality," pp. 129, 135. Kaelble and Thomas
("Introduction," p.55), thus reflect the concensus view in stating that in the nineteenth century "pressures
operated to widen income dispersion." That per capita gross domestic product rose faster than real wages
is indirect evidence that the share of property and capital income increased at midcentury; see note 21. For
divergence in regional inequality in the United States see Kim, "Economic Integration." For an increase in
the Gini coefficient in Eastern Europe during the recent transition to a market economy, see Milanovic,
"Income," p. 133.
21

First reported in Steckel, "Height." Ceteris paribus refers to holding average incomes constant over
the period. See also Steckel, "Stature," p. 1928.
22

Mokyr, Lever, p. 153.

23

Baten, "Besitzverteilung."

24

Costa and Steckel, "Long-Term Trends," p. 61.

25

Komlos, Nutrition, p. 87; and "Height." A Dutch middle-class orphanage spent 51 percent of its food
budget on milk, butter, and meat, and hence spent 50 percent more on food than one whose inmates
consisted of lower-class children. McCants, "Meeting Needs," pp. 203, 206.
26

Their height did decrease slightly, however, during the Civil War. Bowles, New Types, p. 25.

27

The gentry students were attending the Sandhurst Royal Military Academy. Floud, Wachter, and
Gregory, Height, p. 175; and Jordan, Degeneracy Crisis, p. 4.
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favored these social groups. There was an analogous divergence in the life expectancy of the
upper and lower income groups during the period under consideration.28

Relative Price Effect
Movements in real income by themselves obviously do not determine the trend of food
consumption; relative prices also matter. At the onset of modern economic growth, the relative
price of nutrients increased, partly because technological change and capital accumulation in
agriculture were slower than in industry but also because of diminishing returns to labor in food
production, particularly in Europe. In Britain, for instance, the price of food relative to textiles
rose by 66 percent between 1770 and 1795.29
Consumers rearranged their consumption bundle in response to this increase in relative
nutrient prices first by substituting industrial commodities for food products and within the food
budget itself by substituting carbohydrates for protein rich foods. This was most noticeable
among farmers, workers, and among the lower middle class. Even with a moderate increase in
income, and even if a higher utility level was reached, the consumption of food might decline,
provided the positive income elasticity of demand for food was not sufficiently large to
overcome the negative substitution effect.30 This does not imply that consumers were hungry
despite rising real incomes. They could economize on food expenditures while maintaining the
same degree of satiation by substituting inexpensive starchy foods for more expensive meats
and dairy products.31 The European diet became essentially vegetarian; meat consumption
retained only a symbolic value for Sundays and holidays.32
Extant data on agricultural output are consistent with the above considerations: per capita
food output was generally declining in Europe in the late eighteenth century and either
stagnating or declining in both Europe and North America in the 1830s and 1840s, in the latter
case, despite rising incomes.33 In the United States per capita food production declined by some
8 percent between 1839 and 1849.34 With GNP per capita increasing by 11 percent between
those two dates, calorie intake would have increased by some 5.5 percent if the income
elasticity of demand for food had been on the order of 0.5.35 However, an
28

Lindert, "Unequal Living Standards," p. 362.

29

Clark, Huberman, and Lindert, "British Food Puzzle," p. 233.

30
A study of the contemporary Third World finds that increases in rice prices have a negative effect on
children's height. Senauer and Garcia, "Determinants".
31
Utility is maximized subject to a weight (or volume) constraint not a nutrient constraint, inasmuch as
consumers did not know about nutrient contents of food such as vitamins, minerals, and proteins.
32
Abel, Agrarkrisen; Labrusse, La crise; and Bekaert, "Caloric Consumption." In Rome the
consumption of meat declined during the course of the eighteenth century from 31 to 23 kg. per capita.
Revel, "Capital City's Privileges." Per Capita consumption of meat in early-nineteenth century Europe was
well below 20 kg per annum. For Belgium, see Scholliers, " Historical Food Research," p. 81. In Sweden
the price of cows relative to grain increased by 27 percent between the 1770s and 1820s and then by
another 44 percent until the 1860s. Jörberg, History, Vol. 2, p. 323.
33

"All available direct estimates of foodstuffs supplies per caput show them to be stagnant or even
declining slightly in the industrial revolution period." Clark, Huberman and Lindert, "British Food
Puzzle," p. 218; Mokyr, "Is There Still Life?"; and Crafts, British Economic Growth. For the absence of
growth in the consumption of imported items such as tea and sugar see, Mokyr and O'Grada, "Poor."
34

Gallman, "Commodity Output," pp. 46-48. The level of per capita food production of 1839 was not
exceeded until well after the Civil War, even though per capita GNP increased in the 1850s by a further
20 percent. The per capita availability of pork declined at mid century. Cuff, "Weighty Issue." His
calculations have been criticized by Gallman, "Pork Production."
35
An estimate of the British income elasticity of demand for calories at the turn of the nineteenth
century is around 0.4, similar to estimates for contemporary India. Clark, Huberman and Lindert, "British
Food Puzzle," p. 224; and Subramanian and Deaton, "Demand," p. 161.
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increase in relative food prices counterbalanced this tendency. With a price elasticity of
demand of -0.5, a 28 percent increase in the relative price of food would have sufficed to bring

about such a result.36 It is clear that relative food prices increased by at least this amount, even
if, because of the wide regional diversity, country-wide averages are unavailable. In
Philadelphia, for instance, relative food prices rose by 37 percent between the 1820s and 1850s,
but the increase in farm-gate prices was much greater: in Vermont the price of grain relative to
cloth increased by some 173 percent during the same time span.37 In Britain, the price of food
did not increase relative to industrial products in the 1830s and 1840s, but the price of meat
relative to grain did. Hence, in spite of some increase in real wages in the 1840s and 1850s, the
share of expenditure on meat and dairy products decreased by 17 percent, and that on grain
increased by some 20 percent, in response to a 40 percent rise in the price of meat relative to
grains.38 In sum, a century after the beginning of the Industrial Revolution, poorer English
workers still consumed only miniscule amounts of meat and milk (24 grams and 3.7 ounces per
day, respectively).39 The increase in relative nutrient prices affected a broad segment of the
population, but particularly those whose income was not increasing rapidly.40
A further consideration is that the nutrients were not distributed evenly within the population.
Hence, a seemingly small decline in average food consumption could have had a major impact
on people at the lower tail of the income distribution, even in the United
36

The compensated own-price elasticity of demand for milk was - 1.5 in nineteenth century France.
Postel-Vinay and Robin, "Eating." The price elasticity of demand for grain in preindustrial Europe was
around -0.7. Persson, "Seven Lean Years," p. 696. An implication of the relative price effect is that
nominal wages divided by food prices would have fallen. That, indeed, turns out to be the case forartisans
and laborers, but less so for clerks:
Index of Nominal Wages Divided by Grain Prices in Philadelphia
________________________________________________________________________________
Year
Artisans
Laborers
Clerks
________________________________________________________________________________
1820s
100.0
100.0
100.0
1830s
86.0
84.8
87.8
1840s
92.7
100.0
126.7
1850s
86.9
89.5
111.4
________________________________________________________________________________
Source: Bezanson, Gray, and Hussey, Wholesale Prices; and Goldin and Margo, "Wages". The
unweighted averages of the regional wages reported by Goldin and Margo were used for these
calculation. I thank Paul Rhode for suggesting the above calculation.
37 Bezanson, Gray, and Hussey, Wholesale Prices, pp.392,394; and Adams, "Prices." In Germany, the
price of plant products relative to industrial goods doubled between the 1820s and 1840s, early 1850s.
Baten, "Der Einfluss," Chap.5. The increase in relative grain prices was due to a considerable degree to a
rise in productivity in textiles and also to the integration of hitherto isolated markets which increased the
price of agricultural products discontinuously in many cases.
38 Horrell, "Home Demand." To be sure, trends in real wages are not identical to to those of real
income, because the number of hours worked, as well as the labor force participation rate of family
members could have changed over time.
39 Meat consumption had not increased since the beginning of the Industrial Revolution. Clark,
Huberman, and Lindert, "British Food Puzzle," p. 223.
40 We should, however, also entertain the possibility that the rise in the average per capita income in
antebellum America has been overestimated because, for example, of the paucity of evidence on such
items as the cost of housing. Research on rents shows that in New York City, "Incorporating the new
housing price indices into existing antebellum cost-of-living deflators (which generally exclude housing)
suggests that economic historians have over-estimated real wage growth before the Civil War." The
overestimate was between 7 and 22 percent. Margo, "Rental Price"; and "Price," pp. i, 18. Even if one
city is obviously not representative of the country, this finding is suggestive of the fragility of available
cost-of-living indices.
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States, where the average was far above European levels.41 The estimated average daily intake
in 1839 of American adult men of 3,882 kilocalories was well above the requirement of 3,300
kilocalories for doing eight hours of heavy work. Nonetheless, 14 percent probably consumed
below 2,700 kilocalories, which would not have been adequate for heavy work at a sustained
level. Even a small decline in average caloric intake meant that by 1849 this proportion would

have almost doubled.42 Hence, even a small leftward shift of the distribution of food
consumption meant that an increasing proportion of the population was falling below a
minimum threshold level, thereby making the attainment of the heights of the 1820s
increasingly difficult.43 This was more the case in Europe where food consumption accounted
for a larger share of the total budget than in the United States.44
An additional reason why the height of upper-middle-class students did not decline in the
1830s is that the income of their parents increased sufficiently to overcome the increase in the
relative nutrient prices.45 The nutritional status of adult male slaves did not diminish either, at a
time when that of the free common people, both white and black, did.46 This is indirect evidence
of the importance of the relative price effect for free consumers because one can infer from this
pattern that consumers who were making choices for themselves in the 1830s and 1840s
responded to the changes in relative prices, whereas those who were not free were not allowed
to do so. Masters had different incentives to feed their human chattel than households had to
feed their children.47 For masters what mattered was the price of food relative to the value of
marginal product of slaves (reflected in their prices) and not relative to industrial goods. The
increase of slave prices relative to the price of food, by 64 percent, provided an incentive for the
slave owners not only to maintain, but even to increase, the nutritional status of their slaves
(Figure 3).
41
European average daily adult food intake was about 1,000 kcal below American levels. Clark,
Huberman and Lindert, "British Food Puzzle," p. 223; and Bekaert, "Caloric Consumption". Of course,
nutrition ought not be measured just in calories and proteins but ought to include vitamins and minerals as
well. Even middle-class diets were deficient in calcium, vitamins Bl, B2, and niacin. McCants,
"Monotonous," p. 85.
42

The same argument applies to protein intake. Komlos, "Anomalies."

43
Gallman reports a decline of some 5 percent in labor productivity in the agricultural sector between
1839 and 1849. His estimate of annual per capita meat production in the United States show a decrease of
some 11 percent during the 1 840s (in 1879 dollars). Gallman, "Commodity Output", pp. 31, 48.
44

The fact that West Point cadets were actually quite slender suggests that even in the resourceabundant United States people were not consuming nutrients in great excess relative to their needs. The
average weight of a 17-year-old, 67 inches tall cadet was circa 126 lb, as compared to the 140 lb standard
today. Today's standard of the body-mass index of 17-year olds is 21.9. In contrast, West Point Cadets'
and Citadel students' index values were 19.0 and 19.4, the latter as late as the 1890s. Cuff, "Body Mass
Index"; Coclanis and Komlos, "Nutrition," p. 104; and Frisancho, Anthropometric Standards, p. 168.
45
The wages of clerks increased in the United States much more than that of laborers and artisans.
Goldin and Margo, "Wages," pp. 98-100.
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This pattern has been confirmed on two different samples: Georgia convicts and slaves shipped in
interregional trade. Steckel, "Health of American Slaves"; and Komlos and Coclanis, "On the Puzzling
Cycle." The heights of black soldiers in the Union army did decline, possibly because those were made up
of ex-slaves and free blacks. Hence, the trend in their nutritional status depended on the share of each
group in the sample. Margo and Steckel, "Height of American Slaves." Note that Steckel's initial analysis
in "Slave Height Profiles," p. 377, has been superseded by his "Health of American Slaves."
47
This does not mean that slaves were treated better than free children. Slaves received less fresh milk
than free children at the beginning of the period. While free households decreased the amount of milk
allotted to home consumption in the antebellum decades, slave owners may not have.

FIGURE 3
HEIGHT AND PRICES OF ADULT MALE SLAVES
Sources: Ransom and Sutch, "Capitalists"; Komlos and Coclanis, "On the Puzzling Cycle"; and Steckel,
"Health of Americans."

Income Variability Effect
With the onset of industrialization, money income became more variable for the substantial
segment of society that had severed its ties to the land, especially as the incidence of cyclical
unemployment increased with industrialization. Even if the reduction in food consumption
brought about by such adverse developments was temporary, its stunting effect on children
could be permanent. A downturn of the business cycle of several years' duration may have been
too long to enable them to "catch up" to their natural growth profile once the income of the
family had reached its long-run trend again.48 Hence, the decline in heights of the second half of
the 1830s may very well have been caused, or at least exacerbated, by the recession of 1837.49
In the United States, the contractions of 1837/43 and 1848/55 brought about unemployment
with a potential impact on food budgets: in the South Atlantic region, real wages declined in the
1830s across a broad range of occupations. There is independent corroborating evidence of a
rise in poverty in some areas of the country. With the onset of industrialization more people
became detached from the land, and spells of unemployment became more of a threat thereby
than earlier.50 Hence, another probable reason why the height
48

Steckel has argued for the importance of the "catch up" effect among slave children, but they failed
to catch up fully to the height of their white neighbors. Steckel, "Stature."
49

The recession of the 1890s may have had similar repercussions not only in the United States but in
Australia as well. Steckel and Haurin, "Health"; Coclanis and Komlos, "Nutrition"; and Whitwell, de
Souza and Nicholas, "Height."
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of middle-class children born in the 1830s did not decline is that the income of their parents
was subject to less variation than those of the common man.
Population Growth Effect
Population growth contributed to the deterioration in nutritional status, because of
diminishing returns to labor in the agricultural sector, particularly in Europe, where the
opportunities for expansion of arable land were quite limited.51 The increase in bread prices
throughout Europe at the end of the eighteenth century was a direct outgrowth of population
expansion.52 As a consequence, caloric intake declined almost universally.53 Thus, both
episodes of declining nutritional status took place at a time of rapid demographic expansion.
Population growth in Europe around 1800 reached one percent per annum, which in a historical
perspective was very rapid indeed. The population of the antebellum United States grew at an
even faster pace: 3.0 percent per annum.
Industrialization Effect
The sectoral shifts brought about by the onset of modern economic growth meant that a
typical peasant or farmer produced food for a larger number of industrial households, at a time
when the mechanization of agriculture had not yet begun.54 Moreover, the world supply of food
remained price inelastic until the opening of the American West. In short, during the early
stages of modern economic growth, given the state of technology, populations experienced a
downward pressure on their nutritional status.
Furthermore, industrialization and its concomitant, the increased division of labor, in turn
unleashed other processes, including the integration of hitherto isolated regions into a larger
world market, that magnified their impact on nutritional status. Transportation improvements
had a similar impact on market integration.55 Previously, remoteness from markets tended to
have a propitious effect on nutritional status because much of the output of family farms was
consumed within the household.56 No exceptions have been found to this generalization: it holds
true for Maryland as well as for Japan and accounts for the height advantage of the Irish and
Scotch over the English.57 Yet, once able to sell their products easily, subsistence farmers,
lacking full knowledge of the technology of health production,
51

Insofar as population growth leads to diminishing returns to labor in agriculture, it can also lead to
an increase in the relative price of food. Nonetheless, one should not conflate the two effects, because
population growth does not have to lead to a rise in food prices. That depends on such factors as the
nature of technological change and the elasticity of the world's food supply. Note that in the twentieth
century the relative price of food declined, in spite of rapid population growth. Hence, it is useful to
distinguish among the independent effects of population growth, industrialization, and urbanization on
height.
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Abel, Agrarkrisen.
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This was the case, for example, even in the Amsterdam municipal orphanage. McCants,
"Monotonous," p. 85.
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To be sure, British agricultural productivity was relatively advanced, but even it did not keep pace
with population growth. Clark, Huberman, and Lindert, "British Food Puzzle," p. 233.
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Specialization in meat packing in the Midwest meant that an increasing share of the meat consumed
was transported over longer distances. That brought with it at least a 16 percent loss in protein availability
because the inferior parts of the animals were not shipped in long-distance trade. Holmes, "Meat
Situation," pp. 116-24. On the preparation of blood pudding through bleeding, see Gibson and Smout,
Prices, p. 239.
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and content of diet." Gibson and Smout, Prices, pp. 229-230.
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traded away proteins, minerals, and vitamins essential to the health and nutrition of their
children. Although such producers gained from the transaction in monetary terms, their children
became stunted (and less healthy) as a consequence.
For the previously self-sufficient household, the impact of market integration was practically
identical to the relative price effect, except that, once integrated into a larger market, the prices
of its products increased discontinuously, from the local shadow price to a higher urban price.58
Consequently, price indices based on recorded urban prices are downwardly biased, inasmuch
as they do not reflect the larger increases in farm-gate prices. Given the size of the
self-sufficient sector at the time, the extent of the bias is likely to be substantial. Hence, the
substitution away from food consumption in the wake of market integration was probably much
greater than that implied by changes in urban prices. The impact of this effect would have been
greatest in regions that were newly integrated into the world market, such as Tennessee and
Kentucky in the antebellum period.59
Industrialization also fostered urbanization insofar as locating near other producers generated
positive externalities. Town dwellers, however, were generally at a disadvantage for procuring
nutrients because they were farther from the source of food supply, and, unlike the rural
population, were not paying farm-gate prices for agricultural products. Town dwellers paid for
the costs of transporting food and for the services of middlemen. Until the invention of
refrigerated railroad cars and ships, transportation technology was not sufficiently advanced to
accommodate the shipment of milk and fresh meat over long distances in sufficient quantities
and at low enough prices to affect the diet of urban workers. The wedge between rural and
urban prices of such perishables must have played a significant role in the urban rural height
differences, inasmuch as dairy products provide crucial nutrients for optimal physical (and
mental) development.60 Moreover, fruit and vegetables were consumed primarily in season, for
canning did not become economical until the 1870s.61
Both episodes of deterioration in the biological standard of living were accompanied by an
unprecedented rise in the urban population. During the second half of the eighteenth century
town dwellers in northwestern Europe increased by 57 percent.62 The urban population of the
United States grew between 1800 and 1860 at a rate of 5 percent per annum, while the growth
of the agricultural labor force, at around 2.5 percent per annum, was much slower. Moreover,
advances in agricultural productivity did not suffice to maintain the output of nutrients at
pre-industrial levels.63 Hence, the number of persons without ties to the land and dependent on
the farm population for sustenance increased, and an ever larger segment of the society was
being separated from the source of food supply. The amount of nutrients released by the farm
population did not suffice to maintain the nutritional status of the urban population, because the
latter was growing too rapidly. Thus, several studies have found a positive correlation between
per capita swine and milk production and physical stature at the local level.64 In sum, the
processes of urbanization, commercialization, industrialization,
58

The market-integration effect is not identical to the relative-price effect, because market integration
may not affect the long-run urban price of food. It may mean only that goods are shipped from a wider
radius into the city, leaving the city price unchanged.
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In the 1 840s total factor productivity even declined. Craig and Weiss, "Hours at Work," Table 3.
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The closer was one to the source of nutrients, the lower were food prices, and the higher was nutritional status. Komlos, "Anomalies"; Haines, "Health"; Craig and Weiss, "Nutritional Status"; and Baten,
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market integration, and regional specialization, which all accompanied the onset of modern
economic growth, put downward pressure on the nutritional status of the populations of the then
developing world.
Intensification of Labor Effect
With the onset of industrialization more children worked in factories than previously and
may have expanded more energy there than their preindustrial counterparts, thereby impinging
on their nutritional status.65 This is a matter of some controversy, but even if that were the case,
the increased work effort led not only to an increased expenditure of energy but also to
increased income to the benefit of children during their growing years.66 Moreover, insofar as
not only children, but also the adults of the household worked more intensively than before,
their incremental income would have been capable of purchasing additional calories for their
children, thereby more than compensating for the energy requirements of factory work. Thus,
household income, and hence nutritional status, was higher than it would have been without
industrialization.67
In any event, this effect could not have been very powerful because the steepest decline in
height in the late eighteenth century generally occurred not in urban-industrial regions but in
more backward agricultural ones. Furthermore, the increase in heights in the 1 820s and their
subsequent decline are difficult to reconcile with a hypothetical increase in work effort. On the
contrary, one would expect that heights would have increased in Britain in the 1830s in
response to the Factory Laws of 1832 which limited the extent of child labor and reduced the
number of hours worked. Furthermore, child labor in factories was a small percentage of the
total, and was actually decreasing over time independent of government intervention.68 Hence,
trends in work effort do not explain very well the anthropometric cycles.
Exogenous Effects
Besides these six endogenous processes, several exogenous ones may also have exerted
downward pressure on nutritional status.69
Weather Effect
At the end of the eighteenth century, weather conditions deteriorated in Europe. Winter
temperatures in Switzerland, for instance, were some 0.7 degrees Celsius colder during the
second half of the century than in the 1 730s. Similarly in England the mean annual temper
____________________________________________________________________________
height in contemporary Brazil: a two-standard-deviation increase in the price of milk decreases the
average height of five-year-old boys by two centimeters. Thomas and Strauss, "Prices."
65

Voth, "Physical Exertion" and "Height."
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The number of days worked on farms is estimated to have remained constant during the period under
consideration. See Clark and Van der Werf, "Industrious Revolution." Voth, in contrast, suggests that the
number of hours worked annually by adults annually increased during the second half of the eighteenth
century. Voth, "Time". Agricultural workers in the United States increased their labor input between 1840
and 1860 from32.8 to 34.8 hours. Craig and Weiss, "Hours at Work," Table 2. Insofar as these results
pertain to adults, the issue of intensification of child labor, and its effect on adult height, remains open.
67
Komlos and Ritschl, "Holy Days." On child health production within the family see, Weir, "Parental
Consumption Decisions."
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atures of the 1780s were 0.7 degrees lower than in the 1730s.70 In the 1 830s and 1 840s, too,
temperatures tended to be colder than average, both in Europe and in North America.71 This

development had an adverse independent impact on agricultural productivity and therefore on
nutritional status.72
Epidemiological Environment Effect
Although the incidence of diseases and epidemics has an exogenous component, increases in
population density also fostered the transmission of diseases. Potentially, the increased trade
associated with improved transportation, market integration, urbanization, and industrialization
did so as well. Insofar as disease exposure impinged on the body's ability to metabolize
nutrients, the more frequent were sicknesses, the greater were the claims on the body's intake of
nutrients, and the lower was the nutritional status of the population. Hence, several studies have
found a negative correlation between the crude death rate (or the infant mortality rate) and adult
stature.73
Some scholars have argued that the height cycles were caused primarily by a deterioration of
the disease environment.74 However, if that had been the case, one would expect that all
segments of society would have been affected. Diseases would hardly have discriminated by
social status to such an extent. Hence, the fact that the physical stature of several groups,
including German, British, and American high-status students and male slaves did not decrease
at the outset of modem economic growth implies that an increased incidence of disease does
not, by itself, explain the "early-industrial-growth puzzle."75 After all, many of the upper- and
middle-class youth were of urban origin and were exposed, in the main, to the epidemiological
environment of the common man.76 To be sure, slaves lived primarily in rural areas but so did
southern farmers, whose height did decline substantially.77
To be sure, it is possible that a deterioration of the epidemiological environment would have
affected the lower income groups, whereas among the wealthier segments of society this effect
might have been offset by a sufficient rise in income. Hence, the height of the upper and middle
classes could have remained unaffected by the increased incidence of epidemics in spite of the
increased claims of the environment on their food intake. Yet, there is no evidence at all that the
incidence of diseases increased generally during the period under consideration, and a case has
been made that it actually declined. 78
Moreover, heights increased in both Europe and North America among the birth cohorts of
the 1820s, even as population density, urbanization, and commercialization, three important
correlates of the ease with which diseases spread, also increased.79 If the disease environment
had been deteriorating monotonically with the increase in population density, physical stature
would not be expected to deteriorate first, then improve, before deteriorating once again. The
implication is, therefore, that the decline in heights could not have been caused exclusively by a
deterioration of the disease environment.
70
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In addition, the discovery of 8-year height cycles similar to classical business cycles implies
not only that the biological growth process was significantly influenced by short-term
fluctuations in economic activity, but, by implication, also that variations in the disease

environment by themselves do not suffice to explain height variations.80 Hence, the diminution
in heights was more likely to have been caused by the economic concomitants of modern
economic growth than by an increased exposure to diseases alone.

CONCLUSION
In spite of two decades of research, there remain large gaps in our knowledge of the history
of the biological standard of living, and vast amounts of evidence remains unexplored. A recent
fascinating study of the effect of economic development on Australian aborigines is just one
example of ingenious use of anthropometric evidence. 81 More regional studies would be useful,
particularly if such studies could benefit from economic or demographic information available
only at the local level.82 Such analysis could disentangle the effects of disease and economic
effects on physical stature. For instance, migration into a frontier area (such as Illinois) which
preceded its integration into a larger market would reveal the effect of migration on a local
epidemiological environment. Similarly, the coming of canals or railroads into a county might
reveal their pure economic impact on heights, provided they were not used extensively for
personal transport. More studies of female heights are urgently needed for a more balanced
view of the history of human height.83 Similarly, the available evidence on the upper and middle
classes is insufficient. Passport applications, could expand our knowledge in this regard.
Of course, many countries and epochs have not been studied at all. A study of French heights
in the eighteenth century might very well yield insights into important changes in economic
conditions in France prior to the revolution. The French data are particularly important in that
they extend back into the seventeenth century and are therefore the earliest such records known
to be extant. Studies of societies for which reliable economic data do not exist, such as the
Soviet Union or China, might yield the best estimates of welfare of populations living through
forced industrialization in such authoritarian regimes.84 More studies on the twentieth century
would enable us to disentangle the effects of improvements in public health, medical
technology, and nutritional status on the human organism. Additional work on birth weights and
on bio-mass indices would enable us to explore more fully the relationship between
demographic and biological variables. In short, the possibilities for the advancement of the field
seem practically limitless.
Nonetheless, much has been achieved, and this article presents evidence on the cyclical
nature of the biological standard of living, particularly of the common man in both Europe and
North America, at the onset of the profound socioeconomic transformation associated with
modern economic growth. Two episodes have been identified during which physical stature was
declining: in Europe of the second half of the eighteenth century and in both Europe and North
America in the 1830s and 1840s. In contrast to other scholars, who either take an eclectic view
of the causes of the height cycles or tend to stress the disease-based explanation, I have argued
that these cycles were associated primarily, even if perhaps not
80
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exclusively, with economic processes and associated structural changes.85 These included the
rapid growth of population and of urbanization, the greater inequality in the distribution of
income, the increase in the variability of income, including a rise in the frequency of
unemployment, and the integration of segmented markets. Moreover, growth of productivity in
agriculture lagged behind, and consequently the relative price of nutrients tended to increase at
a time when the transportation revolution was still in its infancy and methods of food

preservation were primitive. This meant, most importantly, that less protein-rich milk and meat
reached the children of the increasingly urbanized working-class households. Interaction
effects, in which such exogenous factors as the deterioration in weather conditions, also had a
role to play, have not been ruled out.
Interpreting this "early-industrial-growth puzzle," or in the American context the "antebellum
puzzle," is facilitated by the discovery that some socioeconomic groups were exempt from these
anthropometric cycles. This included high-status groups such as European aristocrats and
middle-class students whose income was less variable, and either large enough, or rising fast
enough, to keep the increase in the relative price of nutrients from influencing their food
consumption bundle substantially. Also isolated from the effects of structural change, ironically,
were among the most unfortunate of Americans: male slaves, whose value increased to such an
extent that their owners had, on efficiency-wage considerations, sufficient incentive to even
increase their food allotments.86 These exceptions to the general downward trend in physical
stature provide powerful evidence that the decline in heights was not brought about by a
deterioration in the epidemiological environment alone because that would have affected, at
least to some extent, middle- and upper-class youth as well as the common man, and slaves as
well as free people. In contrast, we argue that the socio-economic changes associated with the
onset of modern economic growth were sufficient by themselves to bring about the decline in
physical stature.87 Albeit, we have not ruled out the possibility that an increased incidence of
disease exposure in some areas, or among some social groups might have contributed to the
decrease in nutritional status.
Thus, the "early-industrial growth puzzle" turns out to be not such a puzzle after all. There is
no real theoretical contradiction in the divergence of the secular trend in real income and that of
physical stature in the early industrial period. It took a long time, indeed, and several
technological breakthroughs for these societies to return to their previous nutritional levels.88
The decline in the cost of long-distance ocean shipping brought the productivity of the
American prairies within the reach of European consumers. The invention of refrigeration
enabled perishable agricultural products to be shipped over longer distances. Improvements in
public health and sanitation associated with running water and sewer systems, too, made a
contribution, as did improvements in medicine.89 A decline in the fertility rate also made it
easier to fend offhunger.90 Moreover, the increased productivity of the agricultural sector
brought about by mechanization meant that by the twentieth century biological well-being in all
societies in the Western Hemisphere was increasing monotonically.
In my view, the "early-industrial-growth puzzle" implies that, at the beginning of modem
economic growth, progress was not uniform in all dimensions of human existence. It seldom
85
Riley, for instance, stresses a disease-based explanation in "Height," whereas Costa and Steckel take
an eclectic view in "Long-Term Trends," pp. 65-67.
86

Rees, Komlos, Woitek, and Long, "The Puzzle of Slave Heights."
87

However, at this stage of the research program we are unable to determine the relative importance of
the various factors in bringing about a decline in the biological standard of living.
88

In South Carolina physical stature did not begin to increase until the twentieth century. Coclanis and
Komlos, "Nutrition."
89

Thomas and Strauss, "Prices."

90

Weir, "Parental Consumption Decisions," p. 270.

Physical Stature during the Industrial Revolution

795

is. In some regards the common men and women of the early industrial age were not as well
off as their parents. There was some divergence between their living standard, as
conventionally conceived, and their biological well-being. The human organism did not always
thrive as well in its newly created socioeconomic environment as one might be led to believe on
the basis of purchasing power at the aggregate level.91”The absolute gain in income achieved
by modern economic growth in the early industrial period. . . "was simply too low to offset
declines in health."92 Childhood nourishment had health implications over the course of a

lifetime. Many years later, as antebellum Americans aged, they suffered more from rheumatism,
hernias, hemorrhoids, and respiratory problems than prior generations.93 Thus, anthropometric
history affords a more nuanced view of the welfare of the populations living through the rapid
structural changes accompanying the onset of modern economic growth.
91
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